ED 041 761

AUTHOR
TITLE

INSTITUTION
SPONS AGENCY

SBUREAU NO
PUB DATE

CONTRACT

NOTE

EDRS PRICE
DESCRIPTORS

IDENTIFIERS

ABSTRACT

DOCUNENT RESUMNE

' SE 009 294

n
Kavett, Phyll.is F.
A Study of thke Teaching of Non-Decimal Systems of
Numeration in the Elementary School, Final Report.
Rutgers, The State Univ., New Brunswick, N.J.
Office of Fducation (DHEW), Washington, D.C. PRureau
of Research.

BR-8-B-008

Apr 69
OEC-0-8-08-0008-1884 (010)
22%p.

EDRS Price MF-$1.00 HC-$11.35

Arithmetic, Bducation, *Flementary School
Mathematics, Evaluation, Grade 4, Grade 6,
*Mathematical Concepts, *Mathematics, Number
Concepts, *Research

U.S. Department of Health, Fducation, and Welfare

This is a report of an experiment performed to

evaluate the effects of the teaching of non-decimal numeration
systems in grades four and six. Eighteen classes consisting of 430
students comprised the sample. The students were divided into four
randomly assigned treatment groups for each level. Tests were given
before a teaching session of five to six weeks, again directly
following the teaching period, and once more as retention tests seven
weeks after the conclusion of the teaching period. Equal arithmetic
reasoning group mean scotes were achieved by all groups on the
posttest. The non-decimal groups of both grades had significantly
higher group means on the retention test. Retention was greater among
sixth graders than among fourth graders but this knowledge did not
improve students' ability to answer questions on place value.
Non-decimal group test scores on the posttest showed significant
correlations with arithmetic reasoning and computation test scores.
The recommendation is made that this topic should be taught in the
upper elementary grades and that place value and the relation to the
decimal system should be stressed. (Ruthor/FlL)

r—




Z3C 009 294

HO

EDO0 41761

U.S. DEPARTMENT OF HEALTH. EDUCATION & WELFARE
OFFICE OF EDUCATION

TIHS DOCUMENT HAS BEEN REPRODUCED EXACTLY AS RECEIVED FROM The
PERSON OR ORGAMNZATION ORIGINATING IT. POINTS OF VIEW IR OMMIONS
STATED DO NOT NECESSARILY REPRESENT OFFICIAL OFFICE OF EDUCATION
POSITION OR POLICY.

FINAL REPORT

Contract No. OEC 0-8-08-0008-1884 (010)

A STUDY OF THE TEACHING OF NON-DECIMAL SYSTEMS
OF NUMERATION IN THE ELEMENTARY SCHOOL

Phyllis F. Kavett, Ed. D.

Rutgers-The State University
New Brunswick, New Jersey

April 1969

The research reported herein was performed pursuant

to a contract with the Office of Education, U.S.
Department of Health, Education, and Welfare.
Contractors undertaking such projects under Government
sponsorship are encouraged to express freely their
professional judgment in the conduct of the project.
Points of view or opinions stated do not, therefore,
necessarily represent official Office of Education
position or policy.

U.S. DEPARTMENT OF
HEALTH, EDUCATION, AND WELFARE

Office of Education
Bureau of Research

—— T e———T T —

Br-8R-008
PA 24




ACKNOWLEDGMENTS

The following people merit my deepest t..anks and appreciation fo
their help: .

The teachers, principals, administrators, and secretarial staffs
of the project schools of Elizabeth and Roselle, New Jersey who permitted
supervisory visits, workshops, testing sessions, and exchange ¢f mate-
rials.

For Elizabeth, the list includes:

Miss Ella M. McGregor, Coordinator of Curriculum for the
Elementary Schools

Mr. Robert Coulter, Coordinator of Mathematics

Miss Katherine Hemnessy, Principal

Mr. Frank Schobert, Principal

Mr. Donald Whitken, Principal

Miss Josephine Quaquarucci, Frincipal

Mrs. Mollie Marks, Principal

Miss Mary Doran, Teacher

Mrs. Pat Govan, Teacher

Mrs. Ellen Jose, Teacher

Mrs. Marilyn Karr, Teacher

Mrs. Rosemarie Parson, Teacher

Mrs. Shirley Quinn, Teacher

Mr. Louis Reale, Teacher

Mrs. Ellen Ritz, Teacher

Mrs. Gail Scott, Teacher

Mrs. Ellen Stagg, Teacher

For Roselle, the list includes:

Mrs. Ruth Hurd Minor, Principal
Mr. Ralph Arminio, Principal
Mr. George Johnson, Principal
Mr. Walter Reutter, Principal
Mr. John Autore, Teacher

Mrs. Peggy Cohen, Teacher

Mr. John Jaymes, Teacher

Mrs. Julie Mazza, Teacher

Mrs. Marie Miller, Teacher

Mr. Wendell Rochester, Teacher
Mrs. Kathy Svare, Teacher

Mrs. Diane Traster, Teacher

The following persons at Rutgers - the State University: Dr. Ernest
R. Duncan, Chairman: Dr. Martin Kling; and Dr. Louis F. McAuley.

My husband and constant adviser, Dr. Hyman Kavett, Division of Pro-
fessional Studies, Richmond College of the City University of New York.

i1




Dr. John W. Philpot and Dr. Peter A. Taylor of Rutgers University
and Dr. John Kinsella of Newark State College, for assistance with
statistical procedures.

Former Acting Dean Albert E. Meder, Jr., who approved the original
proposal, and Dean Milton Schwebel of the Graduate School of Education,
who encouraged its completion.

Dr. Edward J. Zoll of Newark State College for his counsel in
planning teacher workshops.

The five hundred children of Elizabeth and Roselle who participated
in the project.

iii




TABLE OF CONTENTS

CHAPTER PAGE

Acmmmm [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 1 1

LIST OF mms L] L ] L] L ] L ] [ ] L ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] L ] [ ] [ ] [ ] L ] v 1

sm L ] L ] L ] L ] L ] L ] L ] L ] L ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 1

I Imnuﬂ ION L ] L ] L] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] L ] [ ] [ ] [ ] L]

Statement of the Problem . . . . . ¢ ¢ ¢ ¢ ¢ o ¢ o &

w & W

Iqor t.nce of the s tndy L ] [ ] [ ] L] L] L] [ ] L] L] L] L] L ] [ ] [ ]
u fini t 1m of Tem L] L] ] L] L] ] L] L] L] [ ] L] L] L] L ] ] L] 7
Hypo the .e . [ ] L] L] ] [ ] L ] o L] L] £ L L] L] L] L] L] L] L] L] [ ] L] 8

A..mt 10“. o [ ] [ ] L] L] [ ] L] L] L] L] L ] L ] L ] L ] o o [ ] [ L ] o 11

Limitations . . . . . . . . ¢ ¢ ¢ o o ¢ o 6o 0 o oo 12.

REVIEW OF THE LITERATURE . . . . . ¢ ¢ ¢ ¢ o o o o o o 13 'i

II DESCRIPTION OF THE EXPERIMENT . . . . . « ¢ ¢ « ¢ o ¢ & 17 |
T 17

Conduct of the Experiment . . . . . . ¢ ¢ ¢ ¢ ¢ ¢ & 20

Teacher Workshops . . . . ¢« . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o @ 21

Research Design . . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o & 22
Test Prog@ram . . . ¢« o ¢ 5 ¢ ¢ o o o o o o ¢ o o o » 26
Psychometric Characteristics of Tests . . . . . . . 28
Statistical Analyses . . . . . . . ¢ ¢ ¢ ¢ o o o o & 31
III RESULTS FOR GRADE FOUR . . . ¢ ¢ ¢ ¢ o o o ¢ o o o o o 33
Pretest Data . . . . . . ¢ . ¢ o ¢ ¢ o o 0 0 0 o o o 33

Hypotheses Concerning Grade Four . . . . . . « . . . 43

iv




IV FINDINGS FOR GRADE SIX

Prete.t D.t. . * . . L] . . L] . . . . L] L] L]

Hypotheses Concerning Grade Six . . . . . .

v COMPARISONS AMONG GRADE FOUR AND GRADE SIX . .

Vi SUMMARY AND CONCLUSIONS . . . . . « « « ¢ « « &

BIBLIOGRAPHY
APPENDIX A
APPENDIX B
APPENDIX C
APPENDIX D
APPENDIX E
APPENDIX F
APPENLIX G
APPENDIX H
APFENDIL 1

APPENDIX J

smry L] . . . . L] . . L] . . L] L] L] . L] . .

cmc lu' ion. . . . . L] . L] . . . L] . . L] L] .

Transfer Analysis . . . . . . ¢« . ¢ ¢ ¢ ¢ ¢ o o &

Implications for the Curriculum of the Elementary

s chool . L] . L] . L] . L] L] . . . . . L] . L] L] L] . . L]

L] . L] L] . L] 2 . . L] . L] L] . & e L] L] . L] L] L] .

Worksheet Samples of Non-Decimal Treatment .

Development of Non-Decimal Tests . . . . . .

Non-Decimal Test - Grade Four . . . . . . .

Non-Decimal Test - Grade Six . . . . . . . .

Description of Identification Data Used in Study

Test of Significance of the Correlation Coefficient

KOIﬂOQOI‘W‘SﬂimW WO-SMIG Te.t e o e o o e » e o

Hartley Max-F Test of Homogeneity of Variance

Scheffe lest of Comparison of Means

Sample Questions on Place Value Test . . . . . . . .

PAGE

127
136
136
136
142

144
146
156
161
172
185
199
201
203
205
207

211




10

11

12

13
14

15

16

17

18

LIST OF TABLES

Sex and Grade of StudentILa-ple o 6 6 6 6 ¢ o 6 6 o s o o s

|
Students by Grade According to Treatment Group . . . . . . .

Teacher Judgments of Student Population Based on Socio-
Ecmmc criteri. L L] L ! L L L [ ) L L [ ) [ ) L L L < [ ) L L [ ) o000

Number of Children Accor#ing to Racial Designation . . . . .
|

Number of Classes by Grade in Each Treatment . . . . . . . .

Grade Four Test Sequence;i According to Treatment . . . . ..
. §

§
Grade Six Test Sequence Accordiag to Treatment . . . . . . .

Psychometric Characteristics of Tests Used in Study - Grade

Four L] [ ] L L] [ ] L] L] L] L] [ ) L] [ ) [ ) [ ) L] L] L] L] L] L] L] L] L] [ ) [ ) L] L] L]

Psychometric Characteristics of Tests Used in Study - Grade

si‘ [ ) L] L] L] L] L] L] L] L] L] [ ) L] L] » L] L] L] L] L] L] L] L] L] L] L] L] L] L]

Means and Standard Deviations on Test Instcruments for Grade
Four - Tre.mnt Nm-Dec [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

Means and Standard Deviations on Test Instruments Grade
Four - Treatments Non-Comp, Dec-VM, Dec~Reg . . . . . . . .

Hartley Maximum-F Test of Homogeneity of Variance of Test
Scores of Fourth Grade Treatments . . . . . ¢« ¢« ¢ ¢ ¢ o « &

Analysis of Variance CTMM (Pretest) (N=185) . . . . . . . .

Comparisons Between Group Means Using Scheffe Test for CTMM
(Prete.t) Grlde POllr (N.lss) e o o & e o o & & s s s s s o o

Analysis of Variance - STAN-Test 1, Form X Computation
(Pretest) Grade Four (N=185) . . . . . ¢ & ¢ ¢ ¢ ¢ ¢ o o o o

Scheffe Comparisons Between Means on STAN-Test 1-X -
Computation (Pretest) Crade Four (N=185) . . . . . . . . . .

Analysis of Variance - STAN-Test 2-X (Prete@st) Arithmetic
Reasoning - Grade Four (N=185) . . . . . ¢« ¢« ¢ ¢ ¢« ¢ ¢ ¢ o &

Scheffe Comparisons Between '4eans on STAN-Test 2-X -
Arithmetic Reasoning - Grade Four (N=185) . . . . . . . . .

vi

PAGE

18
18

19
20
25
27
28

29

30.

35

37
38

39

40

40

41

42

Bt A et

T




NO.

19

20

21

22

23

24

25

26

27

28
29

30

31

32

33

PAGE
Analysis of Covariance, STAN-Test 1 C._..utation, Form W
(Posttest I) Covariants: CTMM (Pretest) and STAN-Test 1,
Form X (Posttest) Grade Four (N=185) . . . . « ¢ ¢ ¢ ¢ o o & 44
Coefficients for Covariants for Data of Table 19 . . . . . . 44
Adjusted Treatment Means and Standard Errors for Data of
Table 19 - STAN-Test 1 - Computation Form W (Posttest I) . . 45
Scheffe Comparisons Between Adjusted Means - STAN-Test 1,
Form W (Posttest I) Grade Four (N=185) . . . . . . . « « « & 46
Analysis of Covariance: STAN-Test 2-W (Posttest 1) Arithmetic
Reasoning - Covariants: CTMM (Pretest) and STAN-Test 2-X
(Pretest) Grade Four (N=185) . . . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o 47
Coefficients for Covariants for Data in Table 23 . . . . . . 48
Adjusted Treatment Means, Standard Errors and Adjusted
Variances for Duta in Table 23 . . . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o & 48
Analysis of Covariance - STAN-Test 1 - Computation - Form X
(Posttest II) - Covariants: CIMM (Pretest), STAN-Test 1-X _
(Pretest) and STAN-Test 1-W (Posttest I) (nN=185) . . . . . 49
Analysis of Covariance - STAN-Test 1 - Arithmetic Computation
Form X (Posttest 1) Covariants: CTMM (Posttest), STAN-Test
1-X (Pretest) and STAN-Test 1-W (Posttest) (N=185) . . . . 50
Coefficients for Covariants for Data of Table 26 . . . . . . 51
Coefficients for Covariants for Data of Table 27 . . . . . . 51
Adjusted Treatment Means, Standard Errors, and Adjusted
Variances for Data of Table 26 . . . ¢« « ¢ ¢ ¢ ¢ o o ¢ ¢ o o 52
Adjusted Treatment Means, Standard Errors, and Adjusted
Variances for Data in Table 27 . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o & 52
Analysis of Covariance of STAN-Test 2-X (Posttest II) -
Covariant: CTMM (Pretest) STAN-Test 2-X (Pretest),
and STAN-Test 2-W (Posttest I) (N=185) . . . . . . « « ¢« & 53
Analysis of Covariance - STAN-Test 2-X (Posttest II) -
Covariant: CTMM (Posttest), STAN-Test 2-X (Pretest), and
STAN"TGESC 2‘“ (POSCtQCt I) (N‘lss) e o o o ¢ o o o o o o o 54

vii

At~ o i ade AT




Scheffe Comparisons Between Adjusted Means for Data of
T.b le 3 2 [ J [ J [ [ [ [ [ J [ [ [ J [ J [ [ [ [ J [ J [ J [ J [ [ J [ L 4 [ [ [

Coefficients for Covariants for Data of Table 32 . . . . .
Coefficients for Covariants for Data of Table 33 . . . . .

Adjusted Treatment Means, Standard Errors and Adjusted
Variances for Data of Table 32 . . . ¢ ¢« ¢ ¢ ¢ ¢ o = ¢ o o

Adjusted Treatment Means, Standard Errors, and Adjusted
Variances for Data of Tzble 33 . . ¢ ¢ ¢ ¢ ¢ o o o o o o o

Analysis of CTMM (Posttest) - Covariant: CTMM (Pretest)
cr.de er (N.lss ) [ ] [ ] [ J [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ J [ ] [ J [ ] [ ] [ ] [ ] [ ] [ J

Partitions of Variance for Tests on Assumptions Underlying
Analysis of Covariance of CTMM (Posttest) . . . . . . . .

Tests on Assumptions Underlying Analysis of Covariance for
cm (Po'tte.t) [ ] [ ] [ [ [ L 4 [ J [ L 4 [ [ [ ] [ J [ L 4 [ [ [ L 4 [ [

Adjusted Treatment Means, Standard Errors, and Adjusted
Variances for Data of Table 39 . . . « « ¢ ¢ ¢ o ¢ ¢ ¢ o o

Scheffe Comparisons Between Adjusted Means for Data of
T.b le 3 9 [ ] [ ] [ ] [ ] [ J [ J [ [ J [ J [ [ J [ ] [ [ J [ J [ J [ J [ J [ J [ [ [ ] [ J [ J [ J

Analysis of Variance Difference Scores - STAN-Test 1
(Posttest I - Pretest) Arithmetic Computation - Grade
er(N-lss) e o 6 o o + o o 6 o o o o o o 0 « o o o o o

Scheffe Comparisons Between Means on Difference Scores -
STAN-Test 1 (Posttest I -~ Pretest) Arithmetic Computation

Analysis of Variance Difference Scores - STAN-Test 2
(Posttest I - Pretest) Arithmetic Reasoning (N=185) . . .

Analysis of Variance Difference Scores - STAN-Test 1
(Posttest II - Posttest I) (N=185) . . . ¢ « « &« o ¢ ¢ &

Scheffe Comparisons Between Means on Difference Scores
STAN-Test 1 - Computation (Posttest II - Posttest I) -
GrldeFO\lt'(N'lss)......s..o....oo...o

Analysis of Variance Difference Scores - STAN-Test 2
(Posttest II - Posttest I) Arithmetic Reasoning . . . . .

viii

PAGE

55

56
56

57

57

59

60

61

62

63

65

66

67

67

68

——‘,—‘*—‘-——"‘——-\




Analysis of Variance: Place Value Subtest (Pretest) -
Gr‘d‘ Fmr (N-lss) [ [ [ [ [ ] [ [ ] [ [ ] [ [ [ [ [ [ [ [ [ L] L] [

Scheffe Comparisons Between Means on Place Value Subtest
(Pretest) ~Grade FOur . . . . « ¢« o o o o o o o o o o o o o

Analysis of Variance - Place Value Subtest (Posttest I)
(N-lss) [ 3 [ [ [ ] [ [ ] [ ] [ ] L] [ ] [ [ [ ] L] [ [ ] [ ] [ ] [ [ ] [ [ [ [ [ ] [ ]

Scheffe Comparisons Between Means on Place Value Subtest
(Po.tte.t I) [ [ [ [ [ ] L] L] [ [ [ [ ] [ [ [ L] [ [ ] [ ] [ [ [ ] [ [ ] [ ]

Analysis of Variance: Place Value Subtest (Posttest II) -
cr.de Four (N-lss) [ ] [ ] [ [ ] [ [ ] [ [ L [ ] [ [ ] [ ] [ ] [ ] [ [ [ ] [ ] [ ] [ ]

Scheffe Comparisons Between Means on Place Value Subtest
(Posttest II) - Grude FOUT . . ( o ¢ ¢ ¢ o ¢ o o o o o o o o

Intercorrelations of Scores of Grade Four Students . . . . .

Intercorrelations of Scores of Grade Four Students
Non-Dec Treatment N=43 - Non-Comp Treatment N=52 . . . . . .

Intercorrelations of Scores of Grade Four Students
Dec-VM Treatment N=42 - Dec-Reg Treatment N=48 . . . . . . .

Wilcoxon Matched Pairs Signed Ranks Test Non-Decimal Test -
(Posttest I and Posttest II - Grade Four (N=43). . . . . . .

Means and Standard Deviations on Test Instruments Grade Six
'Tre.mntum'necooooooooooooooooo.ooo

Means snd Standard Deviations on Test Instr-ments Grade Six
- Treatments Non-Comp, Dec-VM, Dec-Reg . . . . « « « ¢« « & &

Hartley Maximum-F Test of Homogeneity of Variance of Test
Scores of Sixth Grade Treatments . . . « « « ¢ ¢ o o ¢ o o o

Analysis of Variance - CTMM (Pretest) - Grade (ix (N=199)
Scheffe Comparisons Between Means on CTMM (Pretest) . . . .

Analysis of Variance - STAN-Test 1, Form X (Prefest) -
Computation - Grade Six (N=199) . . . . . . ¢« ¢ ¢ ¢ ¢ o & &

Scheffe Comparisons Between Means of STAN-Test 1, Form X
(Pr‘te.t) [ [ [ [ ] [ [ [ [ [ ] L] [ [ [ L] [ [ ] [ [ ] [ [ ] [ [ [ [ [

ix

PAGE

69

70

70

71

71

72
74

76

77

8¢

81

83

84
85
86

87




NO. PAGE

67 Analysis of Variance - STAN-Test 2-X (Pretest) Arithmetic
Reasoning - Grade Six (N=199) . . . . . ¢ ¢ ¢ ¢ ¢ o ¢ & & © 89

68 Scheffe Comparisons Between Means on STAM-Teet 2 Form X
(Pretest) . . ¢ o c o o o o o o o o o o o o o o o o o o o o 89

69  Analysis of Covartlance - STAN-Test 2-W (Posttest I)
Computation - Covariants: CTMM (Pretest) and STAN-Test 1-X
(Pretest) Grade Six (N=199) . . . . . . . ¢ o o ¢ o o o o & 91
70 Coefficients for Covariants for Data of Table 69 . . . . . . 91

71 Adjusted Treatment Means, Standard Errors, and Adjusted
Variances for Data of Table 69 . . . ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢ o o & 92

72 Scheffe Comparisons Between Adjusted Means STAN-Test 1,
FormW (Posttest I) . . . . ¢ o ¢ ¢ o ¢ o o o ¢ o o o o o o 93

73 Analysis of Covariance - STAN-Test 1, Form W (Posttest 1) -
Arithmetic Reasoning - Covariants: CTMM (Pretest) and STAN-
Test 2, Form X (Pretest) Grade Six (N=199) . . . . . . . . . 9%

7  Coefficients for Covariants for Data in Table 73 . . . . . . 95 ‘

75 Adjusted Treatment Means and Standard Errors - STAN-Test 2,
Form W (Posttest I) Grade Six . . . . ¢ ¢ ¢ ¢ ¢ o ¢ o o o © 95

76 Analysis of Covariance - STAN-Test 1, Form X (Posttest 1II) -
Computation - Covariant: CIMM (Pretest), STAN-Test 1, Form X
(Pretest) and STAN-Test 1, Form W (Posttest I) Grade Six . . 96

77 Analysis of Covariance - STAN-Test 1, Form X (Pootteat. I1) -

Al

Computation - Ccvariant: CIMM (Posttest), STAN-Test 1, Form X

(Pretest) and STAN-Test 1, Form W (Posttest 1) - Grade Six 97
78 Coefficients for Covariants for Data in Table 76 . . . . . . 98
79 Coefficients ror Covariants for Data in Table 77 . . . . . . 98

80 Adjusted Treatment Means, Standard Errors, and Adjusted
Variances - STAN-Test 1, Form X (Posttest II) - Grade Six 99

81 Adjusted Treatment Means, Standard Errors, and Adjusted .
Variances - STAN-Teet 1, Form X (Posttest II) - Grade Six 99

82 Scheffe Comparisons Between Adjusted Means for Data of Table 78 100

83 Scheffe Comparisons Between Adjusted Means for Data of Table 79 101




85

86
87

89

90

91

92

93

95

96

97

98
99

Analysis of Covariance - STAN-Test 2-W (Posttest II) -
Arithmetic Reasoning - Covariant: CTMM (Pretest), STAN-
Test 2-X (Pretest) and STAN-Test 2-W (Posttest I) -
Grade Six (M=199) . . . . ¢ . ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o 0 o o o o

Analysis of Covariance - STAN-Test 2-X (Posttest II) -
Covariant: CTMM (Posttest), STAN-Test 2-X (Pretest) and
. #N-Test 2-W (Posttest I) Grade Six (N=199) . . . . . . .

Coetficients for Covariants for Data in Table 84 . . . . .
Coefficients for Covariants for Data in Table 85 . . . . .

Adjusted Treatment Means, Standard Errors, and Adjusted
Variances for Data of Table 84 . . . . . . . . ¢« ¢ ¢ ¢« o &

Adjusted Treatment Means, Standard Errors, and Adjus.ad
Variarc2s for Data of Table 85 . . . . . . ¢ ¢ ¢ ¢ ¢ ¢ o &

Scheffe Comparisons Between Adjusted Means for Data of
T‘ble “ [ ] [ ] [ ] [ ] [ ] [ ] [ ] ® [ ] ® [ ] [ ] [ ] [ ] h J [ ] ® [ ] [ ] [ ] [ ] [ ] [ ] [ [ ]

Scheffe Comparisons Between Adjusted Meaur for Data of
T‘ble 85 [ ] [ ] [ ] [ [ ] [ ] [ ] [ [ ] [ ] [ ] [ ] [ ] * [ ] J [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

Analysis of CTMM (Posttest) - Covariant: CTMM (Pretest)
cr‘de su (“.199) o o L] L] L] L] [ ] ® L] o o L] L] o L] L] L] > o L]

Partitions of Variance for Tests on Assumptions Underlying
Analysis of Covariance of CTMM (Posttest) . . . . . « . &

Tests on Assumptions Underlying Analysis of Covariances .

Adjusted Treatment Means, Standard Errors, and Adjusted
Variances for Data of Table 98 . . . . . . . ¢ ¢ ¢ ¢ o o &

Scheffe Comparisons Between Adjusted Means for Data of
T‘ble 92 L] [ ] [ ] [ ] [ ] L] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

Analysis of Variance - Arithmetic Computation - Difference
Scores - STAN-Test 1 (Posttest I - Pretest) - Grade Six
(Plgg) [ ] ® L] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] L] L] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
Scheffe Comparisons Between Means for Data of Table 97 . .
Analysis of variance - Arithmetic ‘2asoning - Difference

Scores - STAN-Test 2 (Posttest I - Pretest) - Grade Six
(u.lgg) L] L] o L] L] L] L] L] L] L] L] L] L] ® L] L] L] L] L] L] L] [ ] L] [ ] [ ]

xi

PAGE

102

103
104
104

105

105

106

107

109

110

111

112

113

114
114

115




100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

PAGE

Analysis of Variance - Arithmetic Computation - Difference
Scores - STAN-Test 1 (Posttest I1 - Posttest 1) - Grade
su (u.199) ": L] [ ] [ ] L] [ ] L] [ ] L] L] L] L] L] L] L] L] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 116

Scheffe Comparisons Between Means for Data of Table 100 116

Anaslysis of Variance - Arithmetic Reasoning - Difference
Scores - STAN-Test 2 (Posttest I1 - Posttest 1) - Grade
six (“- 199 ) o L] L] L] o L] o L] L] o o L] o [ ] L] L] L] L] L] o o o L] L] 1 18
Scheffe Comparisons Between Means for Data of Table 102 . . 118

Analysis of Variance - Flace Value Subtest (Pretest) - Grade
su (*199) [ ] [ ] L ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] L] L] [ ] [ ] [ ] 119

Analysis of Variance - Place Value Subtest (Posttest 1) -
cr‘de su (plgg) L ] [ ] [ ] L] [ ] [ ] [ ] [ ] [ ] [ 4 [ ] [ ] [ ] [ ] [ ] [ ] [ ] L] [ ] [ ] [ ] 120

Analysis of Variance - Place Value Subtest (Posttest 1I) -
cr‘de six (*199 ) L] [ ] [ ] [ ] L] [ ] [ ] L ] - [ ] [ ] [ ] [ ] [ ] [ ] L ] L ] [ ] [ ] L] L] 120

Intercorrelations of Scores of Sixth Grade Students -

Bq. plza - cirl. Mb L ] [ ] L ] [ ] [ ] [ ] L ] L ] L ] [ ] L ] [ ] [ ] [ ] [ ] [ ] [ ] 122 .

Intercorrelations of Scores for Sixth Grade Students -
nm.uc H7 - um‘cq u’53 o L] L] o o * o L] L] L] L] L] L] o o 123

Intercorrelations of Scores for Sixth Grade Students -
M-m ps‘ - mc .hs “.45 o L] o ] * L] L] L] * L] L] L] L] L] o o lu

Wilcoxon Matched Pairs Signed Rank Test - Non-Decimal Test
(Posttest 1 and Posttest II) Grade Six (N=47) . . . . . . . 126

Intercorrelations of Scores of Students of Grades Fiur and
sn'nlaCkk7l'"hiteu'357............... 128

Intercorrelations of Scores of Students of Grades Four and
Six - Advantaged N=61 - Disadvantaged N=42 . . . . . . . . 130

Intercorrelations of Scores of Students of Grades Four and
Six - Normal Group N=327 . . . . ¢ ¢ ¢ o« o o o o o o o o o o 131

Significant Differences in Correlation Coefficients (.05
leve 1 ) [ ] [ ] * [ ] [ ] [ ] [ ] [ ] L ] [ ] L ] [ ] L ] [ ] [ ] [ 3 [ ] [ ] [ ] [ ] [ ] [ ] L ] [ ] [ ] [ ] [ 2 132

Kolmogorov-Smirnov Two-Sample Test for Non-Decimal Test
(Po.tte.t I) [ ] [ ] [ ] [ ] [ ] L ] [ ] L ] [ ] L ] L ] [ ] [ ] [ ] L ] [ ] L ] [ ] L ] L ] [ ] L ] [ ] [ ] 1%

xii

N ]




116 Kolmogccov Smirnov Two-Sample Test for Non-Decimal Test
(Posttest II) . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o o o o o o o o o 135

117 Grid for Tryout Questions of Non-Decimal Test Submitted to
Teachers . . . ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o o o o o o o « o o o o o o 163

118 Grid for Fourth Grade Tryout Test on Non-Decimal Systems . . 164
119 Grid for Sixth Grade Tryout Test on Non-Decimal Systems . . 165

120 Degree of Difficulty and Discrimination of Items on Fourth

Grade Test Constructor Gzoup Nom=DeC . . . . « ¢ « « « o o o 167
121 Degree of Difficulty and Discrimination of Items -n Sixth
Grade Test Constructor Group Nom-Dec . . . . . . - . « « « & 168
122 Mosier-McQuitty Abacs for Item Discrimination . . . . . . . 169
123 Kuder-Richardson 20 Reliability Non-Decimal Test Tep o o - - 170
1264 99%Z Critical Values for the Correlation Coefficient r2
vhen p" Oand n=number of pairs . . . . . ¢ ¢ ¢ ¢ ¢ ¢ & o o 202 i
125 Percentage Points of Ratio (oznuloznin) for k=4 Hartley- }
Maximum F @Bt . . © o o o o o o o o ¢ o o o o o o o o o e 206 1
126 Hartley-Max-F Test for Difference Scores and Place Value |
Subtest Scores of Arithmetic Achievement Tests . . . . . . . 206

xiii




SUMMARY

.

Among the techniques used in the elementary school mathematics
program to emphasize the number-numeral distinction is the teaching of
non-decimal systems of numeration. An experiment to evaluate the effects
of the teaching of non-decimal numeration in grades fcur and six was
performed in Roselle and Elizabeth, New Jersey. Eighteen classes con-
sisting of 430 students comprised °.e sample.

Teachers attended preparatory workshops of five weekly meetings.
The student sample was divided into four randomly assigned treatment
groups for each grade level. Three classes of each grade studied a unit
on non-decimal systems; two classes studied a unit on intuitive geomctry
(non-computational); two classes studied a unit on the decimal system
enriched by means of visual and manipulative aids; and two classes
studied the regular program on the decimal system.

Tests were given before a teaching session of five to six
weeks, again directly following the teaching period, and once more as
retention tests seven weeks after the conclusion of the teaching period.
The tests given included the California Test of Ments: Maturity - Short
Form - Level 2; Stanford Achievement Test - Arithmetic - Level I and II:
Forms X and W - Arithmetic Computation and Concepts, and a Non-Decimal
Test developed by the investigator for each grade.

Statistical Analyses

Analysis of variance and covariance were used for the arith-
metic computation and reasoning tests. When a difference among group
means was observed, the Scheffe Test was used to make comparisons.

A comparison of non-decimal test scores was made for each
student's posttest and retention test scores using the Wilcoxon Matched-
Pairs Signed-Rank test.

Intercorrelations among scores and other data were made using
the Pearson Product-Moment Correlation.

Distributions of scores on the non-decimal tests were compared
for the fourth and sixth grades with the Kolmogorov-Smirnov Two-Sample
Test.

Findings

Equal arithmetic reasoning group mean scores wer: achieved by
all groups on the posttest. The non-decimal groups of both grades had
significantly higher group means on the retention test, possibly indi-
cating a positive transfer effect caused by study of the topic.

Retention of knowledge of non-decimal systems of numeration
was greater among sixth grade students than among fourth zrade students.
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This knowledge did not improve students' ability to answer questions on
place value. Non-decimal groups test scores on the posttest showed sig-
nificant correlations with arithmetic reasoning and ccaputation test
scores. Sixth grade students were generslly more successful on the test
of non-decimal systems than were the fourth grade students.

Intercorrelations of scores were slightly different for boys
and girls, similar for different treatment and racial groups, and most
dissimilar for groups separated according to teachers' Judgments of
degree of educational advantage.

Recommendations

Teaching of this topic in the upper elementary grudes is rec-
ommended. Place-value and the relation to the decimal system should be
stressed.

Further research might explore grede placement of the topic,
merits of different methods of teaching, and long-range effects of
learning the topic.
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CHAPTER 1

INTRODUCTION

Recent curriculum changes in mathematics education prompted
Allendoerfer (1965) to stress the importance of research ia the psy-
chology of learning with application to mathematics. Earlier, Brownell
(1961), had also called for this type of research because of innovations
in content, grade placement, and instructional emphasis. Four types of
change were classified by Brownell:

1) Trad’:ional content was being taught earlier ir the grades in
order to spread learning over a longer period of time.

2) Emphasis was being placed on mathematical aspects of a topic
in order to make that topic more meaningful.

3) Learning differences among children were being given greater
consideration in order to individualize learning with variations in
materials and teaching styles.

4) Content for the upper elementary grades was being modified to
introduce topics sucl: us approximation, mental arithmetic, statistics,
number systems with bases other than ten, intuitive geometry, algebraic
concepts, and casting out nines. In most instances, this content had
never been previously associated with elementary schocl instruction
(Browvmell, pp. 66-69).

Many topics listed by Brownell have been incorporated into ele-
mentary school textbooks as part of the curriculum. However, experimen-
tal data to justify inclusion of some topics is minimal.

Learning the number-numeral distinction is a significant objective
of elementary school mathematics. Instruction in computation is designed
to show that a number may be named with a variety of numerals. Onme
variation in assigning numerals is the use of non-decimal bases. The
study of non-decimal systems of numeration has been widely accepted for
classroom instruction (Smith, 1965). This acceptance can be traced to
claims made by mathematics educators, inclusion of the topic in experi-
mental programs, and inclusion of the topic in mathematics textbooks.

Yet, Fehr (1966) stated that there was a need for studies to
support or refute the teaching of this mathematics topic in the ele-
mentary grades. He pointed out that ''learning place systems in other
bases, such as four, five, or seven, will help a child understand the
decimal system better is a good hypothesis, but it has never been tested
so far as the writer knows'" (Fehr, 1966, p.84).

™
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Statement of the Problem

Non-decimal systems of numeration are taught in the elementary
school. This experiment was designed to investigate the effects of
teaching non-decimal systems on the learning of decimal systems by
fourth and sixth graders when computatioa and arithmetic achievement
were used as evaluative criteria.

The experiment will seek answers to several questions:
Effects of Four Treatments on Criterion Measures

1) Will the learning of non-decimal systems of numeration have
any effect on scores of tests of computation and arithmetic reasoning
given immediately after the teaching period and on those tests given
several weeks later?

2) Will the teaching of a non-numerical topic such as intuitive
geometry affect scores on a standardized test of arithmetic achievement
and reasoning?

3) Will the enriching of a ragular arithmetic program with visual
devices and nontextual materials afifect scores on standardized tests of
arithmetic achievement and reasoning?

4) Will the teaching of the usual arithmetic program of decimal
numeration affect scores on standardized tests of arithmetic achievement
and reasoning?

ffe:ts of Study of Non-Decimal Systems

5) Will students who learned non-decimal systems of numeration
retain this ability over a period of time?

6) Will the learning of non-decimal systems have any effect on
scores of that portion of an arithmetic reasoning test containing ques-
tions on place-value and numeration?

7) Will significant positive correlations result on non-decimal
test scores and scores on arithmetic computation and reasoning tests?
Will the same students be successful on both types of tests?

8) Which grade level will be more successful in learning non-
decimal systems of numeration, grade four or grade six?

Intercorrelations Among Groups

9) Will there be differences in test score intercorrelations
among groups separated according to:




a) treatment group,
b) sex,
c) race,

d) degree of advantage?

Importance of the Study

Mathematics educators such as Deans (1963), Morton (1964), and
Eicholz (1965) have pointed out that non-decimal systems can provide an
interesting way to review, strengthen, and extend ideas of place-value.
Other mathematics educators have rationalized inclusion of non-decimal
systems into their textbooks after this was done in experimental pro-
grams such as SMSG. (SMSG, 1960). Subsequent textbook series have
institutionalized the content and rationale for use in the elementary
school.

Rahmlow (1965) summarized the trend by stating that "it is now
common practice in many of the elementary schools to introduce the
students to numeration in bases other than ten so they may appreciate
and understand base ten more fully." (p. 339)

In contrast, some authors considered this topic to be usefui en-
richment at best and to be included at the teacher's discretion (Fehr
and Philips, 1967).

An increase in understanding and appreciation of base ten numera-
tion because of instruction in bases other than ten was predicted by
Dutton (1961), Banks (1961), and earlier by Buckingham (1947).

Other educators emphasized student "interest and understanding"
and indicated vocational and historical justifications. Grossnickle and
Brueckner (1563) and Lovell (1964) referred to use in computers. Swain
(1959) described computer use as plebeian but stressed use for statistical
investigation, probability, and the analysis of strategy for games and
puzzles.

Wren (1965) stated that "it is beneficial and of interest to review
the struggles past civilizations have had with problems of base, place
value, and the additive principle in the development of a numeration
system." (pp. 21-22)

Keedy (1963) used the transfer principle as rationale when he de-
clared:

As a study of a foreign language aids one in understanding

better his mother tongue, so a study of less familiar numera-
tion can aid in understandirig the familiar. (p. 14)
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A more valid line of reasoning was used by Rappaport (1966) who
pointed out that it was important for children to learn that a number
has many names.

Emphecis on Hindu-Arabic numeration and place-value as elements in
the study of non-decimal systems was expressed by Marks, Purdy, Kinney
(1958), Mueller (1954), and Rudd (1963).

Wholey (1964), Osborne, DeVault, Boyd and Houston (1963), and Gibb
(1959) discussed the need for instruction in non-decimal numeration ir
order to overcome the superficial understanding students have of decimal
numecration.

Other mathematics educators wrote of the need for instruction in
non-decimal numeration as preparation for more difficult topics in high
school. The Report of the Cambridge Conference on School Mathematics
(1963) stated the need for

...the explicit study of the decimal system of notation
including comparison with other bases and mixed bases...in
grades three through six in order to devclop familiarity
with the real number system and to start pre-mathematical
experiences aiming towards more sophisticated work in high
school. (pp. 36-37)

Creativity as a rationale was proposed by Osborn, Devault, et al. -
(1963) who maintained that "in the classroom today, the child may achieve
a better understanding of our system of numeration if he is given an
opportunity to create his own systems.'" (p. 21)

Crouch, Baldwin, and Wisner (1965), Jones (1958), and Brumfiel,
Eicholz, and Shanks (1962) proposed similar rationales with emphasis on
comparison of number system structure as an aid to understanding.

Inclusion of non-decimal topics in teacher education courses and
related textbooks has become usual. Ruddell, Dutton, and Reckzeh (1960)
announced that elementary school teachers in response to a questionnaire
expressed the conviction that various operations in bases other than ten
be taught to prospective teachers.

Mathematics educators also thought that instruction in non-decimal
numeration was important in training prospective teachers. Corle (1964)
stated that "a& careful look at systems of notation other than the decimal
system and to cast an appraising eye toward the future' (p. 71).

Ohmer, Aucoin, and Cortez (1964) stated that value was to be found
in problems encountered by the teacher or parent when he studied a nu-
meration system of base other than ten because these are ''similar to the
problems encountered by the child when he studies the Hindu-Arabic nu-
meration system in arithmetic' (p. 131).
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Nevsom (1951) and Swenson (1964) declared that both teachers and
students who have learned non-decimal numeration will enjoy a better
understanding of base ten numeration.

Statements of rationale mention effects upon student interest and
enthusiasm. Assertions have been made that interest and change in atti-
tude resulted from study of non-decimal numeration. An implication is
taoat transfer of interest occurred ard decimal computation was improved.
This assertion remains to be substantiated. Comparison of decimal and
non-decimal numeration suggested to educators that autamatic transfer
occurred in a positive direction. Available research, however, indi-
cated that positive or negative effects of non-decimal instruction on
decimal computation remained to be demonstrated (Suydam, 1967).1

Definition of Terms

Decimal Numeration. Decimal numeration refers here to the naming of
numbers using a positional system of numeration, the digits O, i,...9,
and the base ten.

Non-Decimal Numeration. Non-decimal numeration is the naming of numbers
using a base other than ten, the digits O, 1l,...n wvhere n is the number
of the base minus one, and a positional system.

Transfer. Transfer of learning is said to occur whenever the existence
of & previously established habit has an influence on the acquisition,
performance, or relearning of a second habit.2

Standardized Test of Computation. The standardized test of computation
for this study consisted of Form X and Form W of the Stanford Achieva-
ment Test: Test 1 - Arithmetic Computation. lLevel I was used with the
fourth grade. Level II was used with the sixth grade.

Standardized Test of Arithmetic Reasoning. The standardized test of
aritmetic reasoning consisted of Form X and Form W of the Stanford
Achievement Test: Test 2 - Arithmetic Concepts. Level I was used with
the fourth grade. Level II was used with the sixth grade.

Intuitive Geametry. Intuitive geometry in this study consisted of units
in topology and of units from Euclidian geometry, taught without use of
formal proof.

lsuyydam (1967) conducted a survey of studies done in mathematics
education for the period 1900-1265. Four studies were listed for the
teaching of non-decimal numeration. Several unpublished doctoral studies
have been conducted since 1965.

2J.A. McGeoch and A.L. Irion. The psychology of human learning.
New York: Longmans, Green, 1952, p. 299.
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¥op-Textval Materials. Non-textual materials consisted of concrete |
oolz.ie and dupiicated worksheets to assist or suppiement the textbook. ;

intelligence Quotient. Intelligence quotient was defined as the score
ezaieved on the California Test of Mental Maturity - Short Form level 2.

Disadvantaged Student. The disadvantaged student was defined as one
Judged by nis teacher to have a lower than average educational expec-
tancy, both in and out of school, attributable to sccial factors.

Teacher Workshop. Teacher workshops consisted of a series of five
weeﬁ? two-hour meetings of teachers in each treatment group.

Treatment. A treatment was one of four prescribed curriculum units in
mathematics with associated teaching methods developed for the experi-
ment. These were: '

1) Study of non-decimal systems of numeration (abbreviated -
Non-Dec)

2) Study of intuitive geometry (abbreviated - Non-Ccmp)

3) Study of decimal system with emphasis on use of visual and
manipulative devices (abbreviated - Dec-VM)

k) Study of regular decimal program with no change in method or |
sequence (abbreviated - Dec-Reg)

Test Administrator. The test administrator was a trained classroom
teacher who administered all standardized tests to the students in this

Btudy.

Pretest. The pretest was the test period preceding the teaching period
by approximately & week and consisted of intelligence and arithmetic
achievement tests.

Posttest I. Posttest I was the test period directly following the teaching
period and evaluated arithmetic achievement, non-decimal numeration, and
intuitive geometry.

Posttest 1I. Posttest II consisted of tests given seven weeks after Post-
test I and contained tests of arithmetic achievement, intelligence, and
non-decimal numeration.

Visual end Manipulative Devices. Visual and manipulative devicec consisted
of concrete objects used by the learner 1o perceive mathematical relation-
ships as well as aids used by the teacher to demonstrate or explain a
mathematical concept.

Hypotheses

Data were collected and analyzed to test the following hypotheses
concerning the grade four sample:

8
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1) There are no significant differences for scores on STAN - Test

1, Form W (Posttest 1) - Computation - among groups of fourth grade
students receiving the four treatments.

3) There are no significant differences for scores on STAN - Test
2, Porm W (Pouttest I) - Arithmetic Reasoning - among groups of fourth
grade students receiving the four treatments.

5) There are no significant differences for scores on STAN - Test

1, Form X (Posttest II) - Computation - amoug groups of fourth grade
students receiving the four treatments.

7) There are no significant differences for scores on STAN - Test
2, Porm X (Posttest II) - Arithmetic Reasoning - among groups of fourth
grade students receiving the four treatments.

9) There are ro significant differeuces for CIMM (Posttest II)
scores when groups have been matched sccording to CIMM (Pretest) among
fourth grade students.

11) There are no differences for difference scores between the
Pretest and Posttest I STAN - Test 1 scores anong groups o fourth grade
students receiving the four treatments.

13) There ere no differences for difference scores between the
Posttest I STAN - Teat 2 among groups of fourth grade students raceiving
the four treatments.

15) There are no significant differences for difference scores
between the Posttest I and Posttest II STAN - Test 1 scores among the
fourth grade students receiving the four treatments.

17) There are no significant differences for difference scores be-
tween the Posttest I and Posttest II STAN - Test 2 scorers among the fourth
grade students receiving the four treatments.

19) There are no significant differences for scores on the sub-
portion of STAN - Test 2 directly testing the concept of place value
and numeration among fourth grade students receiving the four treat-
ments.

21) There are no significant correlations for fourth grade students
separated according to sex and treataent among scores for intelligeace,
teacher Jjudgment of arithmetic and reading ability, arithmetic campu-
tation; arithmetic reasoning, non-decimal numeration, and intuitive

geametry.

23) There are no differences amorg fourth grade scores on the non-
decimal tests (Posttest I) and (Posttest II).




The following hypotheses were tested in the analysis of data con-
cerning the grade six sample:

2) There are no significant differences with respect to scores on
STAN - Test 1, Form W (Posttest I) - Computation - among groups of sixth
grade students receiving the four treatments.

4) There are no si icant differences with respect to scores
on STAN - Test 2, Form W (Posttest I) - Arithmetic Reasoning - among
groups of sixth grade students receiving the four treatments.

6) There are no significant differences with respect to scores
on STAN - Test 1, Form X (Posttest I1I) - Camputation - among groups of
sixth grade students receiving the four treatments.

8) There are no significant differences with respect to scores
on STAN - Test 2, Form X (Posttest II) - Aritlmetic Reasoning - among
groups of sixth grade students receiving the four treatments.

10) There are no significant differences with respect to CTMM
(Posttest II) scores when groups have been matched according to CTMM
(Pretest) among sixth grade students.

12) There are no differences with respect to difference scores
between the Pretest and Posttest I STAN - Test 1 scores among groups
of sixth grade students receiving the four treatments.

14) There are no differences with respect to difference scores
between the Pretest and Posttest I STAN - Test 2 among groups of sixth
grade students receiving the four treatments.

16) There are no significant differences among the difference
scores between the Posttest I and Posttest II STAN - Test 1 scores
among the sixth grade students receiving the four treatments.

18) There are no significant differences among the difference
scores between the Posttest I and Posttest II STAN - Test 2 scores
among the sixth grade students receiving the four treatments.

20) There are no significant differences amcng scores on the sub-
portion of STAN - Test 2 directly testing the concept of place value
and numeration among sixth grade students receiving the four treatments.

22) There are no significant correlations for sixth grade students
seperated according to sex and treatment among scores for intelligence,
teacher judgment of arithmetic and reading ability, arithmetic compu-
tation, arithmetic reasoning, non-decimal numeration, and intuitive

geometry.

2l4) There are no differences among sixth grade scores on the Non-
Decimal tests (Posttest I) and (Posttest II).
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The fourth and sixth grade samples were combined in the testing of
the following hypothesis:

25) There are no significant correlations for fourth and sixth
grade students separated according to race and level of advantage among
scores for intelligence, teacher judgment of aritimetic and reading
ability, arithmetic camputation, arithmetic reasoning, non-decimal nu-
meration, and intuitive geametry.

The portion of the fourth and sixth grade samples in the non-
decimal treatment were compared in the testing of the following hypothesis:

26) There are no differences among distribution of scores on the
Non-Decimal tests (Posttest I and Posttest II) between the fourth and

sixth grades.

Assumptions of this Study

1) Teachers had no knowledge of the experimental design or the
questions being investigated.

2) All tests were administered under comperable classroom condi-
tions.

3) Teachers were equally enthusiastic about participation in the
project. ’

4) No teacher felt unduly pressured to complete any work umit.
Completion date for any unit was determined by the teacher.

5) Effects due to teaching proficiency were distributed among
treatment groups.

6) Children bad no knowledge of participation in any special
project.

7) Children bad had no previous instruction in the topic randomly
assigned to them.

8) No one group of children received significantly more outside
help than any other group.

9) All children had equal access to special help or assistance
from their teachers when any difficulty in learning was encountered.

10) The school districts of Elizabeth and Roselle, New Jersey,
contiguous commmities, were considered to have common content areas and
curriculum sequences.
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11) The same test administered to different groups over a scheduled
interval of several school days was considered to be given during the

same test period.

Limitations of this Study

1) The study was limited to a student population of 430 children;
the number in the fourth grade almost equal to the mumber in the sixth

grade.

2) Sccres of children absent on testing days, or whose general
absence wvas Jjudged by teacher to be excessive, were eliminated.

3) Scores of children with foreign language or reading difficulties
vere omitted.

4) Effects of interest ani attitude change towards mathematics
were not considered in this study.

5) Evaluation in this study was limited to analysis of scores on
standardized tests of arithmetic achievement, mental maturity, and spe-
cially-prepared tests of computation in non-decimal systems and intui-

tive geometry.
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Review of the Literature

Rationales stated for inclusion of non-decimal systems in ele-
mentary school textbooks imply positive transfer, i.e., learning non-
decimal systems will improve performance in decimal systems. Mention
is hardly made of negative transfer, that form of proactive inhibition
in which learning non-decimal systems may impede a student's ability
to campute in the decimal system.

In non-decimal computation, a student would have to undergo the
process of extinguishing competing responses in an example such as:
beive s 2¢ive = 1leive * The response "6" may have to be submerged.

Unfortunately, prior research dealing with non-decimal systems
does not include mention of tkhe transfer phenomenon. These studies do
indicate, however, that further research is necessary before the claims
of mathematics educators can be adequately substantiated.

Holmes (1949) taught two matched groups of seventeen seventh
grade students. After four days of instruction he claimed evidence of
attitudinal change as well as positive gain in understanding of decimal
notation.

Hamilton (1961) taught number bases to prospective elementary
school teachers by having them invent new symbols for numbers expressed
in different bases. Test results between groups of teachers revealed
no significant differences in understic-iing of thz decimal system.

Hollis (1964) taught non-decimal numeration to one fourth grade
class for seven school days and then reported pre- and posttest in-
creases in median and mean test scores of arithmetic achievement.
Hollis did acknowledge, however, the lack of randomness of his sample,
the lack of statistical analysis, and the inadequacy of sample size.

Scott (1963) taught six kindergarten and eight grade one classes
in a specially-selected sample. Assessment of student learning was
done by Scott and the classroom teachers observing the experiment.
Their collective judgment was that first graders had superior per-
formance; a slight correlation might exist between performance and
socio-economic level; and non-decimal topics might be introduced into

kindergarten and grade on-.

Lerch (1963) designated four fourth-grade classes in his experi-
ment to study effects of non-decimal instruction on understanding of the
decimal system. Two classes were assigned to serve as the control group
and two classes served as the experimental group. An original short
story entitled, "Numbers in the lLand of Hand" was the basis for intro-
duction and study of the topic in the experimental group. The quinary
system was taught to the experimental group by Lerch during two extra
periods a week for five weeks. Test results indicated a positive change
in knowledge of the decimal system for the two experimental classes and

13
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a gain score in an investi gator-devised test of attitude towards mathe-
matics. Several factors have to be considered in the Lerch study:

1) The superposition of non-decimal numeration on a regular deci-
mal system program raises the question whether gain or loss can be
attributed to instruction in the regular decimal program or to non-
decimal instruction

2) Use of the original story, "Numbers in the Land of Hand,"
created an interest factor which may be highly commendable from a motiva-
tional point of view, but which canrot be described as the usual or
"expected" classroom approach for a topic in mathematics.

3) Extra sessions for the experimental group created a set of
conditions which was not equal for the control group. The experimental
group knew of its participation in an experiment.

4) Sample was not randomly selected and consisted of an experi-
mental group N = 38 and control group N = 42,

McCormick (1965) carried out a comparative study of two methods of
teaching decimal numeration. Using 177 fifth grade students divided into
experimental and control groups, McCormick prepared non-decimal worksheets
for eight 30-minute nessions. The experimental group used these worksheets
during the regular decimal system program. No significant differences
were reported with respect to improved understanding of the decimal system
between sut-groups. McCormick stated, however, that a study of the means
of the two groups indicated that the mean improvement of the decimal group
was higher than that of the non-decimal group. He attributed this dif-
ference to the brief instruction in non-decimal systems. He cautioned
that the brief instruction carried out in his study tended to confuse
Yather than clarify the thinking of a student.

Schlinsog (1965) carried out a study to determine the effects of
supplementing sixth grade arithmetic with a study of other number bases.
A series of tests was designed by Schlinsog to measure basic understand-
ings of the decimal system, to check computational abilities, and to
indicate change in preferences for arithmetic. Thirteen lessons in
non-decimal systems were specially-prepared These lessons were studied
by four sixth-grade classes during their reg. .:.r mathematics program.
Other classes studied the decimal system with no change in program.
Aside from attitudinal changes, Schlinsog reported no significant dif-
ferences between those studying non-decimal systems and those in the
regular program. He pointed out that thirteen lessons could be consid-
ered highly inadequate and results might have been different if more
time had been available.

Jackson (1965) carried out a study of effects of instruction in

non-decimal systems on "selected objectives of mathematics education.' He
prepared worksheets and student units for groups studying decimal and non-
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decimal systems. Teachers in both groups were given a teacher's guide
outlining procedures to follow and content to be taught. Classroom in-
struction with these units lasted four weeks.

Similar content appeared in units prepared for both groups. These
topics were: Historical Development of Numeration Systems, Development
of Decimal Systems of Numeration, and Meaning of Place Value. Topics
discrete for the different groups wer::

Non-decimal Group: Base Five, Base Twelve, Base Two, and a short
unit on camputers.

Decimal Grcup: Meaning of Addition, Subtraction, Multiplication,
and the reading and writing of numerals representing large numbers,
(Pp. 48-50)

Jackson acknowledged that a clear distinction @id not exist between
the units prepared for each group at each grade level.

He reported that fifth grade pupils studying non-decimal systems
tested significantly better than the decimal group on the nature and
operation of the decimal system. Seventh grade pupils showed no signi-
ficant differences between groups. On tests of the nature of numeration
systems the fifth grade students studying the decimal system did better
than the non-decimal group and seventh grade students studying non-
decimal systems did better than the decimal group.

The literature describing studies of effects of non-decimal in-
struction on decimal system operations has been non-conclusive. Ac-
knowledgment of the transfer phenomenom does not appear. Yet, many
mathematics educators stress the need for further investigation of
transfer as it applies to mathematics learning (Rosskopf, 1953; Shulman,
1967; Becker and McLeod, 1967). Where research in non-decimal systems
did exist, it was marked by several characteristics:

1) Small, non-random samples were used.
2) Instructional periods were of relatively short duration.

3) The experimenter often served as classroom teacher and evalua-
tor.

k) Other topics in nathematics were studied concurrently, and
5) Statistical controls were often lacking.
This study attempted to overcome the shortcomings of earlier

research. Several conditions were therefore included in the research
design.
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These were:

1) A sample of 18 teachers was randomly selected from 45 teachers
who indicated willingness to participate in this study.

2) Instruction of teachers preceded any classroom try-out.

3) The sample consisted of 430 students divided between grades
four and six.

) No mathematics topics, except those specially-prepared for
this experiment were taught to students.

5) Classroom instruction of any topic lasted at least five weeks.

6) Statistical design included pretests, posttests, and tests of
recall.

7) Control groups were established. Three different treatments
were randomly assigned to these groups:

(a) A non-computational unit in Intuitive Geometry.

(b) A decimal system unit enriched with specially-prepared
visual and manipulative aids, and

(¢) Maintenance of the regular decimal system program.

These treatments were devised to preclude the possibility of
differences due to a Hawthorne effect because of the newness of the topic,
non-decimal systems of numeration, or to the stimulation of interest re-
sulting from use of special materials and methods.

8) Analysis included comparisons of aritlmetic achievement, socio-

economic level, estimates of reading and arithmetic achievement, and
intelligerce quotient.
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CEAPTER II

DESCRIPTION OF THE EXPERIMENT

Semple
Communities

The school districts of Roselle and Elizabeth, New Jersey were
selected for this study. There were many reasons for this decision:

1) Teachers and admiristrators of both school districts had
expressead an interest ip classroom research.

2) Non-decimal systems of numeration had not been included as
part of the regular elementary school mathematics curriculum in these
two school districts. In rare instances, teachers bad included the
topic in their classroom program.

3) The commmities are adjacent to each other and are hetero-
geneous with respect to racial, ethnic, and socio-economic backgrounds.

4) Many teachers voluntarily agreed to perticipate in an experi-
ment of mathematics teaching.

5) The eighteen teachers who were randomly selected to participate
in the study agreed to concentrate on their assignmert whichever one it
might be. They had no knovledge of the research design.

6) The rarticipating teachers had not taught non-decimal systems
of numeration that same school year.

Grade Level

Non-decimal systems of numeration usually appear in elementary
school mathematics textbooks on the fourth grade level. Several series
begin non-decimal systems in grade six. Grades four and six were
therefore selected for this study.

Maturational factors were also considered. Grades four and six
seemed sufficiently spaced to allow differences in growth and achieve-
ment levels to influence experimental data.

Teachers

Teachers of the fourth and sixth grades were invited to participate
in a study dealing with mathematics teaching. Forty-five teachers applied.
A random selection was made and nine teachers from grade four, and nine
teachers from grade six participated. Those teachers designated as
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"standby" teachers were not called upon. All eighteen teachers beginning
the study completed their part satisfactorily.

Students

The student sample for this study consisted of 430 students dis-
tributed among eighteen participating classes; nine from grade four and
aine from grade six.

Table 1 indicates the number of boys and girls for grades four and
six.

TABLE 1
Sex and Grade of Student Sample

Grade Boys Girls
Four 101 107
Six 128 ol

Distribution according to sex was about equal in grade four. In
grade sir, however, the number of boys was greater than the number of
girls.

Teacher participants were asked to identify workshop day preferences
and were then randomly assigned to workshop groups. Treatments were also
randomly assigned to these groups. Two classes from each grade level par-
ticipated in each of the four treatments. The non-decimal system treat-
ment consisted of three classes from each grade level, however. Table 2
shows the distribution of students among treatment groups.

TABIE 2

Students by Grade According to Treatment Group

Treatment Grade Four Grade Six
Non-Dec 66 70
Non-Comp 52 53
Dec -VM k2 5k
Dec-Reg 48 45
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Teachers were asked to rate students according to a socio-economic
scale based on personal judgment and student record cards. Three broad
categories were selected: Advantaged, Normal, and Disadvantaged. Some
criteria for discrimination were the following: stability of the home
situation, parent's source of income, and out-of -school opportunities

available to children.

Table 3 shows the socio-economic distribution of students in this
experiment.l

TABLE 3

Teacher Judgments of Student Population
Based on Socio-Economic Criteria

Status Number of Students Percent
Advantaged 61 1k4.2
Normal 327 76.0
Disadvantaged k2 9.8

About fifty percent of the Black children who participated in the
study were in predominantly Black schools. The other fifty percent were
distributed throughout the schools of Roselle and Elizabeth. The chil-
dren classified as "disadvantaged" were largely from the Black community.
Table 4 shows the percentage distribution of students according to infor-

mation supplied by teachers.

loonsideration of socio-economic background is a result of recent
avareness of social interaction processes in and out of the classroom.
Reference is made to Romberg and DeVault (1967) who stated that research
must be undertaken in actual classrooms and that influence of variables
be acknowledged; and to Hungerman (1967), Fisher (1966), Baker (1966),
and Rokeach (1960) who stated the importance of socio-economic background
in classroom research dealing with mathematics achievement, cognitive

behavior, and personality patterns.
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TABLE 4

Number of Children According to
Racial Designation

=

Racial Designation Numbezr Percent
White 357 83.0
Bleck T1 16.5
Other 2 ol

These descriptions of the student sample included only those
students whose data were available for the study. Test scores of chil-
dren with foreign language difficulties or sensory disorders were nst
included in the analysis. Data for those children judged by the teacher
to have excessive absence were also omitted from analysis. Children
who missed one or more tests during the three test periods constituted
the largest group of omissions. In all, data for about sixty students
were eliminated from analysis.

Teacher estimates were recorded of student grade levels in reading
and arithmetic. These estimates were converted into categories of low,
normal, and high, corresponding to below grade level, at grade level,
and above grade level.l

Conduct of the Experiment

The experiment took place during the Spring semester of the school
year 1967-1968. Teacher participants were notified of their acceptance
into the research program late in January 1968.

Teacher workshops began during the first week of February and
lasted until the middle of March.

Pretests were given during February.

Experimental teaching period, begun during the last week of February,

continued for six weeks through the month of March.

1The researcher is aware of the limited faith which may be placed
in these estimates. Worms (1966) showed that a 4O% accuracy may exist
in identification of slow learners and gifted children.
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The first posttest period (Posttest I) took place in April. These
tests preceded a Spring school recess of approximately ten days.

The second posttest period (Post+e=st II) took place seven weeks
after the firat posttest perind. These posttests were considered tests
of retention.

All testing was completed by June 15.

Teacher wOrkshggs

Participating teachers attended five afternoon workshops, each of
vhich lasted approximately two hours. These instructional sessions were
directed L: the researcher on different days of the week.

These workshop' allowed for discussion of content for each experi-
mental treatment in order to minimize effects or deficiencies in each
teacher's earlier training and cxperience.

The workshops enabled these teachers to prepare to teach concepts
not previously taught by them and rossibly improve their skill at teaching
familiar topics. Teachers' attitudes toward mathematics and the research
project were ed as they learned more about their assigned topics
(Williams, 1966).

Moreover, Schumann (1964) pointed out that among prerequisites for
content change by teachers is & sincere willingness to work with a quali-
fied consultant and evaluator. The use of a handbook alone without a
consultant often may not result in teacher improvement.

In some cases, classroom materials were designed by the teacher
participant after consultation with others in the group, and particularly
with his grade-partner. Tht researcher acted as workshop leader and
ansvered questior.; about content and teaching of elementary school mathe-
matics.

Manipulative devices and stuient worksheets were demonstrated by
the teachers and the researcher. The teachers, however, made their own
selections of materials for classroom use. Teachers were encouraged
not to change their teaching style nor to indicate participaticua in an
experiment to their students.l

1In an experiment involving teaching of science to fifth and sixth
graders, Brudzynski found that concept achievement showed slight variation
due tc teaching styles. Whereas the lecture-demonstration techniques
surpassed the inductive methods on first trial tests, for delayed re-
tention, the style made little difference (Brudzynski, 1966).
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Workshop meetings were held in locations central for each group
of teachers. After-school travel time was held to & minimm.

Workshop agendas and managesent procedures for each treatment
group were identical. Mathematics content alone marked the differences
in each workshop session.

Workshop sessions and classroom implementaticn overlapped, thereby

giving the teachers an opportunity to exchange classroom feedback and
to pace their teaching.

No limits were given for classroom teaching of any portion of the
prescribed topic. Each teacher was permitted to decide when coverage
of a topic had been adequate. A check of teachers' daily records indi-
cated variations were slight and an extreme case would be one week's
difference. Posttests were scheduled according to each cless' completion
of its topic.

Research Design

The design for this experiment in transfer may be symbolized as
follows:

Experiment Before
Before Teaching Retention
Experiment Period Tests
1) A B A
2) A A A
3) A Ay A
) A A A

In this diagram, A represents decimal computation in the regular
program. B represents the study of non-decimal systems. ““A represents
the non-computational program, and A] represents the decimal system
taught with visual and manipuiative aids. The diagram indicates that
retention tests followed the return to a regular decimal program by
all groups.

Description of the Four Treatments

1) Non-Decimal Systems: Teachers of the six classes using this
treatment taught the follwing subjects:

(a) Meaning of non-decimal mumeration

(b) Notation of non-decimal numerals
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(cg Addition and subtraction of non-decimal numersals

(d) Conversions of numerals expressed in base ten to numerals
expressed in base five and the reverse

(e) Multiplication of non-decimal numerals (grade six only)

() Optional consideration of non-quinary bases.

Visual and manipulative instructional devices were used: tables
of operation, simple odometer, abacus, pictorial symbols, small concrete
objects, dittoed and mimeographed worksheets, and overhead projector
transparencies.

Teachers were permitted to select those materials deemed appropriate
for the learning style of their classes. Materials and suggested methods
were modeled after descriptions in contemporary arithmetic tests for grades
four and six.

Suggestions for materials and worksheets were found in articles by
Greenholz (1964), Hiiaire (1964), Hughes (1964), Karlin (1965), Nechin
and Brower (19593, Ochsenhirt and Wittermeyer (1963), Rabinowitz (1966),
Schupback (1967), and Weyer (1967). (Appendix A)

2) Non-Camputation, Intuitive Geametry: Teachers of the four
classes in this treatment used specially prepared materials. Units were
prepared by senior college students as part of a course requirement.

The best of these materialc was selected by the teachers.l

This unit included the following subtopics for the fourth grade:

(a) Points, curves, regions, and planes

() Simple wnd complex curves

(¢) Recognition and properties of some geometric forms, informal
definitions

(d) Area puzzles-tangrams

(e) Use of geometry tools

(f) Construction of simple figures

(g) String constructions and curve stitching

The unit designed for grade six included the following subtopics:
(a) Closed curves and plane regions
(b) Construction of regular polyhedra
(c) Line drawings of solid figures - cylinder cone, cube, trian-

gular prism, and square pyramid

lthe four classes in this experimental treatment became enthusiastic
about the study of geametry and responded favorably to the prepared units.
The four teachers, who at first were hesitant at postponing “number work"
for a lengthy period of time, later were content with the favorable re-
sults.
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(d) Cube and tetrahedron puzzles

(e) Properties of the cube, cylinder, cone, sphere, and
pyramid

(£) Symmetry

An "End of Unit" test was developed for each grade level so that
teachers were able to evaluate students' performance.

3) Decimal System: Visual-Manipulative Emphases: Four classes

continued their regular sequence in mathematics. This program wvas en-
riched, however, with visual and manipulative instructional aids.

Fourth grade content during the classroom teaching session con-
sisted of multiplication and division of whole numbers. Visuals and y
objects prepared for these classcs 't this time were: .

(a) Overhead projector transparencies

(b) Play Tiles (resembles GeoBoard with plastic squares and
rectangles for insertion into regularly placed holes)l

(c) PFelt board cutouts

(d) Colored chalk for chalkboard

(e) Abacus for base ten numeration

f) Simple odometer

g) Plastic discs, tongue depressors, buttons.

Sixth graders were beginning the study of decimal fractions.
After work with conversions from decimal fractions to common fractionms,
the four basic operations were considered in the usual order: additionm,
subtraction, multiplication, and division.

Teaching aids provided for these classes included:

(a) Graph paper

(b) Colored chalk and chalkboard

(¢) Overhead projector transparencies
(d) Pelt board cutouts

e) Abacus

f) Dittoed worksheets

(g) Bulletin board materials

) Regular Program: The mathematics content of tae fourth and
sixth grade programs in this treatment was the same as that of the previous
treatment. ,

The four teachers in this treatment, who were also advised to main-
tain their regular program, attended workshop sessions. Participation
, in these meetiugs enabled each gradspeir of teachers to teach curriculum
i topics simultaneously. Discussion of the teaching process, analysis of

1play Tiles, Halsam Co., Chicago, Illinois (mod.)
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feedback from the classroam, and concern for individual student problems,
gave these teachers a sense of involvement in the experiment.

Table 5 shows the number of classes in each grade level assigned
to each treatment group.

TABLE 5

Number of Classes by Grade in Each Treatment

Non-Dec  Non-Comp Dec -VM Dec-Reg

Grade
Four 3 2 2 2
Grade
Six 3 2 2 2
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Testing Program
Grade Four Tests

]

All fourth grade classes were given the following test:

Pre-Test of Vision, Bearing, and Motor Coordination:
California Test Bureau (Pretest VAMC)

Children with sensory problems were identified by this means.

l Grade Four and Grade Six Tests
All fourth and sixth grade classes were tested with appropriate
grade level forms of the following tests:

California Test of Mental Maturity, 1963 Revision,
Tevel 2 Short Form (CDMM)

Stanford Arithmetic Achievement Test, 1%
Revision, Form W, Form X (Stan W, Stan X
Test 1: Arithmetic Computation;

Tugt 2: Arithmetic Concepts

Special Tests

Non-Decimal Numeration Test (see Appendices B, C, and D). A test
was developed for each grade using the Non-Decimal treatment.

End of Unit: Geometry Test. A ter. was developed for each grade
using the Non-Computation treatment.

Test Administration

Tests were administered according to the time sequence described
in Duration of the Study. Tables 6 and 7 describe the order in which
specific tests were given to each treatment group.
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TABLE 6

Grade Four Test Sequence According to Treatment

Pretest Posttest 1 Posttest 11

Practice exercise Non-Decimal Non-Decimal

for IBM answer Numeration Numeration
Non-Dec sheet Test Test

Pretest VHMC Stan W c™T™

cT™M Stan X

Stan X

Practice exercise End of Upit; CTMM

for IEM answerl Geometry Stan X
Non~-Comp sheet Test

Pretest VHMC Stan W

cT™M

Stan X

Practice exercise cT™

for IBM answer Stan X
Dec-VM sheet Stan W

CT™MM

Stan X

Practice exercise CTMM

for IBM answer Stan X
Dec-Reg sheet Stan W

Pretest VHMC

CTMM

Stan X

27




TABLE 7

Grade Six Test Sequence According to Treatment
Pretest Posttest 1 Posttest 11
cT™ Non-Decimal Non-Decimal
Stan X Numeration Numeration
Non-Dec Test Test
Stan W CcT™
Stan X
cnM End of Unit: c™
Non-Comp Stan X Geometry Test Stan X
Stan W
Dec~-WM CT™M Stan W c™™
Stan X Stan X
Dec-Reg CTMM Stan W CTMM
Stan X Stan X

Psychometric Characteristics of Tests

The psychometric characteristics of tests used in the study are
shown in Tables 8 and 9 for grades four and six, respectively.
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TABLE 8

Psychometric Characteristics of Tests Used in Study - Grade Four

Bo. of Test Time Reliability
Test Items in Minutes Form N KRyq KRyj s-8*
CTMM, Level 2 120 43  Short Manual .95
Stanford
A;ithmetic '
Level I 3 3 X,W Manual .86
Test 1, Arith :
° COIIIP. .
Pretest 39 33 X 208 69
Posttest I 39 35 | 208 .78
Posttest II 39 3 X 208 .76
Jevel I
Test 2, Arith
. Concepts .
Pretest 32 20 X, W Manual .87
Posttest I 32 20 X 208 10
Posttest II 32 20 X 208 79
Place~Value
Subtest"*
Pretest 7 X 208 .41 .28 .78
Posttest I 7 w 208 63 .59 .90
Posttest II 7 b < 208 .40 .20 .77
' Mon-Decimal
Test '
Posttest I 41 Untimed 20 K)9
‘ ) _ a3 94
Posttest II 41 Untimed 20 -84
a3 .9
Vision Pretest 40 - 4
-‘Hearing Pretest 18 OUntimed
Motor Coordination . T
Pretest 20 Ontimed

PR

*Spearman-Brown Prophesy Formula is an estimate of a full-length
test consisting of similar questions. This reliability is
estimated for a test five times as long.

®*Thigs Subtest consisted of questions #1,13,11,1S, 17,21, and 24
for Form X and #17,1,6,23,16,20,27 for Form W of the Stanford
Arithmetic Test 2, I.evel Te
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TABLE 9

Psychometric Characteristics of Tests Used in Study - Grade Six.

- No. of Test Time Reliability .
Test Items in Minutes Form N KRyq KRp; S-B
CTMM, Level. 2 120 43 Short Manual .95
Stanford
A#ithmetic
Level II : 39 35 X,W Manual .87
Comp.
Pretest 39 335 X 222 .74
Posttest I 39 35 W 222 .80
Posttest II 39 35 X 222 «82
Stanford
Arithmetic
Level II 32 20 X,W Manual .87
Test 2, Arith '

Concepts :
Pretest 32 20 X 222 .75
Posttest I 32 20 w 222 .81
Posttest II 32 20 X 222 .83

Place-Value
Subtest?*?
Pretest | X 222 .48 .35 .82
Posttest I 8 w 222 .68 .60 .91
Posttéest II 8 b 4 222 .61 .51 .89
Non-Decimal
Test
Posttest I 41 Untimed 24 <94
23 .88
Pasttest II 41 Untimed 24 87
a3 -88

*Spearman-Brown Prophesy Formula is an estimate of a full-

length test consisting of similar questions. This reliabiity
is estimated for a test five times as long.

**This Subtest conststed of questions #1,2,3,4,7,14,22,24 of

Yorm X and #3,5,4,14,12,22,16, and 26 of Form W of the
Stanford Arithmetic Test 2, Level II.
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In Tables 8 and 9 are shown the relisbilities for the standardized
tests as reported in the publisher's test manuals and also the relia-
bility for the sample used in this study.

Statisticsl Analyses

Data derived from the tests described in the Test Prograa were
collected and analyzed. Test scores and other identification data of
each student in the experiment formed thirty-seven "variables” by means
of vhich statistical analyses were made (Appendix E). Each student's
data were punched on IBM cards.

Six basic types of analyses were performed to test the hypotheses:

1) Comparisons of group means on standardized tests of intelligence

and arithmetic computation and reasoning.

2) Comparisons of score differences on arithmetic tests given
during pretest, posttest I, and posttest II (retention) test periods.

3) Comparison of group mean scores on place value sub-tests of
arithmetic reasoning tests.

4) Comparison of the distribution of scores of the fourth and
sixth graders on the non-decimal systems test.

5) Intercorrelations of scores among students grouped by various
identifying characteristics such as treatment, sex, grade, and race.

6) Comparison of posttest I and posttest II scores of each student
on the non-decimal test.

Btatistical Procedures

sis of Variance and Covariance. The analysis of variance and
covariance was the statistical procedure used for categories (1), (2),
and (3) of the above list. The following underlying assumptions were
checked statistically wherever possible:

1) Homogeneity of within-group variance.

2) Bomogeneity of within-group adjusted variances.

3) Linearity of the overall regression line, including:
b) linearity of between-class regression,

c) equality of between-class regression and within-class

ga; equality of the within-group regression coefficients,
regression (Dixon and Massey, 1957; and Winer, 1962).

31

L;ill.




b ey e

4) Existence of non-zero regression coefficients.

Where there proved to be significant differences among the means
for each treatment group, the Scheffe Test was employed to compare
treatment groups and certain combinations of treatments.

Intercorrelation Analysis. The Pearson Product-Moment correlation
coefficient was obtained for selected variables listed in Appendix E.

The test of significance of a correlation coefficient was based
on the assumption that if two variables bear no relation to each other,
their correlation coefficient r would be zero. Therefore, the r must be
gufficiently different from O to be considered significant. Further, as
the number in the sample increased, the r might be of lower value to
be considered significant. The computation of significant r's waz based
on the following relation: ‘

r - t

V t*N-2

Tabled values are found in many statistics textbooks. Additional
values needed for analysis are shown in Appendix F.

C ison of Fourth and Sixth Grade Scores on Test of Non-Decimal
Systems, The Kolmogorov-Smirnov Two Sample Test (Appendix G) was used
to compare distributions of scores of the two fourth grade classes with
the scores of the two sixth grade classes on each of the Non-Decimal Tests.

(Refer also to Siegel, 1956, p. 131).

Comparison of Scores for Each Student on Test on Non-Decimal Systems.
The Wilcoxon Matched-Pair Signed-Rank Test was used to campare each grade
group's performance on the non-decimal test given as posttest with that
given as retention test. (Wilcoxon, Katti, Wilcox, 1963; Siegel, 1956,

p. T5).
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CHAPTER 111 .

RESULTS FOR GRADE FOUR

Pretest Dats

Evaluation of the teaching of non-decimel systsms of numeration
was carried out with four experimental teaching treatments, each pre-
ceded by tests yielding intelligence test quotients and arithmetic
achievement scores. Thase pretest tcores were used as covariants in
order to equate treatment groups statistically, that is, to eliminate
sources of differences in treatmsent means resulting from earlier ex-

periences.

The means and standard deviations for the treatment Non-Dec on
various test instruments are shown in Table 10. The scores are shown
with and without inclusion of the test comstructor class in order to
demonstrate the representative nature of these ciasses. As may le
observed, differences between the sets of data representing the groups
with and without the test coustructor sections are very small.

Means and standard deviations for the Non-Comp, Dec-VM, and Dec-
Reg treatment groups sre presented in Table 11.
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TABLE 10

MEANS AND STAMDARD DEVIATIONS OM TEST INSTRUMENTS

FOR GRADE FOUR - TREATMENT NON-DEC

Without Test
Constructor Class
N=43

With Test

Constructor Class
N=63

CTMM (Pretest)
CTMM (Posttest)

Stanford Test 1-X
(Pretest)

Stanford Test 1-W
(Poottoot I)

Stanford Test 1-X
(Posttest 1I)

Stanford Test 2-X
(Pretest)

Stanford Test 2-W
(POIttc!t I)

Stanford Test 2-X
(Posttest 1I)

Non-Decimal Test
(Pocttoct I)

Hon-Decimal Test
(Posttest I1I)

Place-Value Subtest
(Pretest)

Place-Value Subtest
(Poattoot ) ¢

Piace-Value Subtest
(Posttest II)

Mean s.D.
108.67 12.62
111.37 15.61
13.42 5.31
16.72 6.57
18.30 6.74
11.56 5.65
14.21 6.26
15.53 6.32
24.72 10.95
22.44 11.41
3.28 1.5¢
4.25 1.96
3.67 1.39

Mean 8.D.
109.14 13.20
111.89 15.35.
13.35 4.86
16.47 5.80
17.42 6.42
11.65 5.57
14.18 6.13
14.71 8.41
23.53 14.71
23.63 10.83
3.44 1.55
4.32 1.86
3.71 1.48
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TABLE 11

MEANS AND STANDARD DEVIATIONS ON TEST IMSTRUMENTS
GRADE FOUR - TREATMENTS NUM-COMP, DEC-VM, DEC-REG

Treatment Non-Comp Treatment Dec-

Treatmeat Dec-

N=52 VM N=42 Reg N=48
Mean S.D. Mean s.D. Mean s.D.
CIMM (Pretest) 106.26 13.70 93.21 12,86 107.46 13.46
CTM (Posttest) 108.69 14.34 92.62 13.9% 112.96 13.89
Stanford Test 1-X 13.23 &4.53 11.17 5.27 15.79 S.4k1
(Pretest)
Stanford Test 1-W 14.29 5.23 13.76 6.47 20.67 5.71
(Posttest I)
Stanford Test 1-X 16.19 5.28 13.31 4.93 18.84 6.01
(Posttest 1I)
(Pretest)
Stanford Test 2-W 12.54 4.82 10.50 6.39 15.81 5.50
(Posttest I)
Stanford Test 2-X 13.08 6£.89 9.90 4.33 16.23 5.33
(Posttest II)
test (Pretest)
test (Posttest I)
Place-Value Sub- 3.57 1.47 3.2 1.41 6.1/ 1.35
test (Posttest II)
Geometry Unit Test 15.46 4.57
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An examination of Tables 10 and 11 reveals that students in Treat-
ment Dec-VM had scores on pretests which were consistently lower than
those of the other groups.

The Hartley Max-F test of homogeneity was applied to the variances
given in Tables 10 and 11 in order to determine the appropriateness of
analysis of variance to test for equality of treatment means. Table 12
presents the data of the test for homogeneity of variance.

Certain percentage points of the variance ratio for the Hartley
Test may be seen in Appendix H. Table 12 reveals that, but for the
STAN-Test 2, Form X. (Pretest) - Grade Four, analyses of variance are
highly appropriate.

Slight departure from homogeneity of variance also occurred in the
scores of the sixth grade CTMM (Pretest) and the STAN-Test 1, Forn W,
(Posttest I).

However, analysis of variance was performed for all tne scores
without exception for the following reasons:

1. the P-test is robust with respect to small departures from
homogeneity, and

2, there is a slight bias toward rejection of the hypothesis of
homc “eneity because with unequal group: “he larger N is used. (Winer,
1962, p. 94)

The primary purpose in collecting scores on these pretests was
their later use as covariants in posttest and retention test analyses.
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TABLE 12

HARTLEY MAXIMUM-F TIIST OF HOMOGENEITY OF VARIANCE OF

TEST SCORES OF FOURTH GRADNE TREATMENTS

largest Smallest Numbers in

s2max F.05** F, 01***

Variance Variance Both Groups s2min

CTMM (Pretest) 187.7 159.3 52.43 1.16 2.06 2.5

CTMM (Posttest) 243.7 192.9 43.48 1.26 2.12 2.6

Stanford Test l1-Form X 29.3 20.6 48.52 1.42 2.06 2.5
(Pretest)
Stanford Test 1-Form W 43.2 27 .4 43.52 1.58 2.06 2.5
(Posttest I) |
Stanford Test l1-Form X 45.4 24.3 43.42 1.87 2.21 2,7
(Posttest 1I)

Stanford Test 2-Form X 32.0 9.6 43.42 3.33%** 2.21 2.7
(Pretest)

Stanford Test 2-Form W 39.2 19.3 43.42 2.03 2,21 2.7
(Pasiitest 1)

Stanford Test 2-Form X 39.9 18.7 43.42 2.13 2.21 2.7
(Posttest 1I)

Place-Value Subtest 3.8 2.89 43.42 1.33 2,21 2.7
(Posttest I)

Place-Value Subtest 2.16 1.82 52.48 1.19 2.06 2.5
(Posttest 1I)

Analysis of Variance and Scheffe Test for Comparisons among Means

The California Test of Mental Maturity, given during che pretest
period, was analyzed by means of the derived data shown in Table 13.
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TABLE 13
ANALYSIS OF VARIANCE CTMM (Pretest)
(N=185)
Source SS df Mean Square F Ratio
Among 6429 3 2143 12.298"**
Within 31542 181 174
Total 37971 184

Sums of squares of the total sample, the total variation, is showm
as well as the two parts into which each was divided. The first part,
labelled "Among," is the sum of squares variation due to the deviation
of the means of each treatment from the total mean.

The second par:t, labelled "Within," is due to the deviation of
each score in a treatment from the mean of that treatment.

Hereafter in this study, the level of significance .0l will be
indicated in all tables by three asterisks; the level .05 by two asterisks;
the level .10 by one asterisk; and the level .25 by one number sign, #,
The latter two levels of significance were used only in the Scheffe Test
(Appendix I).

The F-ratio in Table 13, significant to the .0l level, indicated
that the treatment means were unequal. Therefore, the Scheffe Test was
employed to verify comparisons between the six pairs of means, two addi-
tional comparisons were made by this method:

1. Treatment Non-Comp was compared with tbe weighted mean of
scores in Treatments Non-Dec, Dec-VM, and Dec-Reg; the one group not
doing numerical computation being contrasted with the three groups
engaged in some form of numerical computatismn.

2. Treatment Non-Dec was compared with the means of Dec-VM and
the Dec-Reg; the group studying non-decimal systems being contrasted
with the groups studying decimal systems.

Table 14 shows that the Scheffe Test as applied here indicated
that intelligence quotient scores of students in Treatment Dec-VM were
significantly inferior to those of the other three treatment groups.
This fact alone would have been ample evidence of the necessity to
employ analysis of covariance in all posttescs.
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TABLE 14

COMPARISONS BETWEEN GROUP MEANS USING SCHEFFE
TEST FOR CTMM (Pretest) - GRADE FOUR

(N=185)
Comparison 108.67 T;&uale?nt ‘9?;; 107.46 Tay &  S.E. %
of dy

(1)vs(2) 1 -1 0 0 2 3.80 2.880 1.319
(1)vs(3) 1 0 -1 0 2 15.46 5.368%***
(1)vs(l) 1 0 0 -1 2 -l.21 -.420
(2)vs(3) 0 1 -1 0 2 11.67 L ,052%**
(2)vs(h) 0 1 0 -1 2 1.21 420
(3)vs(k) 0 0 1 -1 2 -14.25 i QuEHE
(2)vs(1)+ -1 3 -1 -1 12 5.27T T.053 .47
(3 (%)

0 -1 -1 6 16.67 k.998 3.335™"

(L)ve(3)r 2
(1)

The pretest of arithmetic computation was the STAN - Test 1, Form

X. Table 15 shows the sums of squares for scores of fourth grade students

on this test.
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TABLE 15

ANALYSIS OF VARIANZE-STAN TES1 1, FORM X
COMPUTATION (Pretest) GRALE FOUR i

(N=185)
Source SS df Mean Square F-Ratio
Among 485 3 161,547 6.159%%*
Within 4747 181 26.229
Total 5232 184

The significant F-ratio points to the need for Scheffe comparisons
between the means. The data for the Scheffe Test is shown in Table 16.

TABLE 16

SCHEFFE COMFARISONS BETWEEN MEANS ON STAN-TEST l-X
COMPUTATION (Pretest) GRADE FOUR

(N=185)
Treatment Means S.E.

Comparison 13.42 13.23 11.47 15.79 Ta; d; of dj *
(1)vs(2) 1 -1 0 0 2 19 1,12 .170
(1)v=(3) 1 0 -1 0 2 2.25 2.009
(1)vs(4) 1 0 0 -1 2 -2.37 -2.116
(2)vs(3) 0 1 -1 0 2 2.06 1.839
(2)vs(4) 0 1 0 -1 2 2.56 -2.286%
(3)vs(4) 0 0 1 -1 2 «4.62 =4, 125%%k
(2)ve(1) -1 3 -1 -1 12 -.69 2.743  -2.449%
+(3)+(4)

: (1)vs(3) 2 0 -1 -1 6 12 1.940 1.732
+(4)
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By results shown in Table 16, one may observe the superiority of
scores of students in Treatment Dec-Reg over Dec-VN and possibly over
#on-Comp; as well as the supericrity of the computation groups over the
Non-Comp group. This lack of equality of means clearly indicated again
a need to attempt statistical equalization through the employment of
anglysis of covariance in analyzing posttests.

TABIE 17

ANALYSIS OF VARIANCE STAN-TEST 2 X (Pretest)
ARITEBMETIC REASONING - GRADE FOUR

(N-=185)
Source SS ar Mean Square F-Ratio
Among 354 3 118,078 6,046
Within 3535 181 19.531
Total 3889 184

The significant F-ratio shown in Table 17 indicated that at least
one treatment mean was not equal to the others. Therefore the Scheffe
Test for comparisons of means was employed. Data for the Scheffe com-
parisons are shown in Table 18.
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TABLE 18

SCHEFFE COMPARISONS BETWEEN MEANS ON STAN-TEST 2-X-
ARITHMETIC REASONING - GRADE FOUR

(N=185)

Treatment Means S.E.
Comparison 11.56  10.17 8.79 12.50 Jaf d; Of dy t
(1)vs(2) 1 -1 0 0 2 1.39 .964 1,442
(1)vs(3) 1 0 -1 0 2 2.77 2,873%**
(1)vs(4) 1 0 0 -1 2 -.92 -.954
(2)vs(3) 0 1 -1 0 2 1.38 1.432
(2)vs(4) 0 1 0 -1 2 -2.33 -2.417¢
(3)vs(4) 0 0 1 -1 2 -3.71 -3.849%**
(2)vs(1) -1 3 -1 -1 12 -2.34 2.361 -.991
+(3)+(4)
(1)vs(3) 2 0 -1 -1 6 1.83 1.670 1.096
+(4)

Scheffe comparisons s'iown in Table 18 indicate a possible ranking
of the four treatment groups for grade four in the following order:

Group Number Ireatment _Rank
(4) Dec-Reg 1
(1) Non-Dec 2
(2) Non-Comp 3
3) Dec-VM 4

The Dec-Reg seems far above the other three treatments on scores
of this pretest of arithmetic reasoning. The latter three groups are
much closer together.
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Summary of Analysis of Pretest Data

The statistical analysis of the three standardized pretests given
students of grade four in this experiment revealed that the four treat-
ment groups could not be considered equal in intelligence, arithmetic
computation, or arithmetic reasoning. The Scheffe Test for Comparisons
of treatment means, regarded as a concervative test, indicated signi-
ficant differences on all three pretests.

These results are evidence of the need by the researcher to
attempt a statistical equalization of groups on posttests used as cri-
terion measures for this experiment. Therefore on posttests the
statistical procedure, analysis of covariance, was employed using
selected pretests as covariants.

liypotheses Concerning Grade Four

For the entire study involving grades four and six, twenty-four
hypotheses were formulated. Twelve hypotheses, numbered with odd
integers, refer to grade four. These hypotheses are considered one at
a time in this chapter. :

Hypothesis 1. There are no significant differences for scores
on STAN-Test 1, Form W (Posttest I) - Computation - among groups
of fourth grade students receiving the four treatments.

The hypothesis above may be described symbolically as follows:
Hy: Pp=p2=p3=p, , or Hy All i”i are equal.

Analysis of covariance was used to test this hypothesis. If at
least one treatment mean varies significantly, the F-ratio will be
significant and the alternate hypothesis, H,: Some uj; are not equal,
may be considered to be true with the probability of error not greater
than the significance level.

Table 19 shows the analysis of covariance data for STAN-Test 1,

Form W (Posttest I), using as covariants the CIMM (Pretest) and the
STAN-Test 1, Form X (Pretest).
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TABLE 19

ANALYSIS OF COVARIANCE, STAN-TEST 1 COMPUTATION
FORM W, (Posttest I) COVARIANTS:
CIMM (Pretest) and STAN-TEST 1,
FORM X (Posttest) GRADE FOUR 1

(N=185)

SS due to SS about Mean F-
Suovrce Regression Regression df Square Ratio
Among 1402
Within 6456 3328 3127 179  17.47 8.656***
Total 7858 4277 3581 182
Diff. for Testing
Among Adjusted
Treatment Means 454 3 151.24

The F-ratio in Table 19 shows significance to the .01 level.
Hence, H, was rejected,

In order to determine the contribution of each covariant to the
analysis, the coefficiecrts for covariants, which may be used in the
computation of a regression equation, were examined. Significant t-
values would indicate that the regressiou coefficients are non-zero and
that each covariant had contributed to the analysis of this test.

Table 20 1ists the pooled within-treatment regressicn coefficients

for each covariant and the regression coefficients for the total experi-
mental population as well as for each standard error and t-value.

TABLE 20

COEFFICIENTS FOR COVARIANTS FOR DATA OF TABLE 19

CT™MM STAN- Form X
(Pretest) Test 1 (Pretest)
Source Coeff. S.E. t Coeff. S.E. t
Wwithin  .0968  .0259 3.7315***  _7011 .0669 10.4851***
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TABLE 20 -- Continued

CTMM STAN- Form X

(Pretest) Test 1 (Pretest)
Source Coeff. S.E. t Coeff. S.E. t
Total .0938 .0257 3.6496™™* .7584 .0693 10.9478***

Both the CTMM and the STAN-Test 1 (Pretest) contributed signi-

ficantly to this analysis.

Adjusz_.d treatmen. means, their standard errors, and adjusted

variances are shown in Table 21.

TARIE 21

ADJUSTED TREATMENT MEANS AND STANDARD ERRORS

708 DATA OF TANLE 19-SPAN-TEST 1
COMPURATION--22M W (Posttest I)

8.E.
w ° MJ ° m ° o Yar. max
Treataent | Mean Mean Mean Var. ; iJe Var. min
Non-Dec k3 16.72 16.28 «6503 18.18 1.15
Non-Comp 52 1h.29 1k.35 5809 17.55
Dec-M 2 13.76 16.39 6923 20.13
Dec ’m w 20.67 18.“ 0@3 18.“7

Bomogeneity of adjusted variances was indicated by the nom-
significant max-F ratio in the right-hand column of Table 21.

Ferguson (1959) indicated that an assumption of linearity couid
be made for most tests in psychology and education.
was borne out by the similarity of pooled within-class regression
coefficients and the total group regression coefficients in Table 20.
In both cases, differences bziwecn regression coefficients were far

less than the sum of tieir standard errors.

k5
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In this case, linearity of the oversll regression was assumed
because use of two covariants did not permit separation of sums of
squares data into components needed for this type of statistical anmalysis.

Table 22 presents Aats for the Scheffe comparisons between the ad-
justed treatment means on {.: posttest of arithmetic computation.

TABLE 22

SCHEFFE COMPARISONS BETVEEN ADJUSTED MEANS -
STAK-TEST 1, m‘z.(vlg;§mt 1) GRAIE FOUR

Adj. Treatment Means S.B.
Comparison 16.28 = 14.35 16.39 18.68 Za2 ay 4 t

()vs(2) 1 K 0 0 2 1.93 .3 2.1k
(1)vs(3) 1 0 -1 0 2 -1 -.120
(1)vs(h) 1 0 0 1 2 2.40 2.629"
(2)vs(3) 0 1 -1 0 2 2.0k -2.23%
(2)vs(h) 0 1 0 -1 2 h.33 & T3
(3)vs (k) 0 0 1 -1 2  -2.29 -2.508*
Cws@)} 1 3 4 a4 12 8.3 2.23% -3.737
(3)+(&)

(%2;-(3)* 2 0 -1 -1 6 2.5 1,58 1.568

Themnngoftrutnentmovhich-ybeumdfrmthe
Scheffe comparisons is as follcws:

Group Nusber Trestmen’ Rank
(%) Dec -Reg 1
(1) Non-Dec 2.5
(3) Dec-VM 2.5
(2) Non -Comp [}




Although various ccmputational treatments differed, any compute-
tional treatment produced superior scores to ths Noa-Comp group. Tais
way indicated on the posttest of aritimetic computation.

Oa the basis of computation scores, fourth grade students appeared
to have "suffered” from lack of number work during their five week study

of geometry.

%_ﬂis 3. There are no significant differences for scores cn
~Test 2, Form W (Posttest I) - Arithmetic Reasoning - among
groups Of fourth grade students receiving the four treatments.

Derived data for the analysis of covariance for this test of
aritimetic reasocning are shown in Table 23,
TABLE 23
ANALYSIS Oif COVARIANCE: STAN-TEST W (Posttest I)

ARITEMETIC REASONING. COVARIAKTS:
OB (Pretest) AND STAN-TEST 2 X (Pretast) GRADE FOUR

(W=185)

S8 due to 88 About Mean PF-
Source SS Regression Regression df Square Ratio
Among 698
Within 5038 2886 2152 179  12.02  1.597
Total 5736 3526 2210 12
Diff. for Testing
Among Adjusted
Treatment Means 58 3 19.19

Because of the non-significant F-ratio in the analysis of covariance
for scores of STAll-Test 2, Form W (Posttest 1) as shown in Tstle 23,
the adjusted treatment means were considered to be equal and Bozpi are
equal vas not rejected.

Table 24 shows the pooled within-treatment regression coefficients
and the oversll regression for hoth covariants. Cuamputed standard
errors and t-scores indicated non-zero regressica coefficients in all
Casi 2,
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TABLE 2k
COEFFICIENTS FOR COVARIANTS FOR DATA IN TABLE 23

CB (Pretest) STAN.Test 2X (Pretest)
Source Coeff. S.E. t Coeff. S.E. t
Within .1405  .0225 6.255 619 .06TL  9.229 T
Total  .1390  .(212 6.55""*  .6hs2  ,0663  9.7350" "

The minimal differences between the pooled within-treatment re-
gression coefficients and the overal: regression coefficients may help
substantiate the linearity of the regression line. Linearity of re-
gression vas assumed because supporting statistical data was unavailable.

Teble 25 shows edjusted treatment means, standard errors, ad-
Justed variancrs for each treatment, and homogeneity of adjusted
variances.

TABLE 25

ADJUSTED TREATMENT MEANS, STANDARD ERRORS,
AND ADJUSTED VARIANCES FOR DATA IN TABLE 23

Adj. S5.E. Adj. Var.max
Treataent N Mean Mean AdJ.Mean Var. Var.min
‘m.m h3 lhoal 1300‘ 05373 120‘"1 1013
Non-Comp 52 12.5% 12.76 .k8N2 12.19
Dec-V b2 10.50 13.22 .5736 13.82

This posttest of aritlmetic reasoning yielded no significant
differences among treatment means adjusted for iatelligence quotient
and arithmetic achievement.
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Hypothesis 5, There are no significant differences rfor scores on
STAN-Test 1, Form X (Posttest I1I) - Computation - smong groups of
fourth grade students receiving the four treatments.

Data for analysis of the Arithmetic Test of Computation, STAN-Test
IX (Posttest II), using as covariants CTMM (Pretest), STAN-Test IX
(Pretest), and STAN-Test 2W (Posttest I) are shown in Table 26.

TABLE 26

ANALYSIS OF COVARIANCE STAN-TEST 1 - COMPUTATION -
FORM X, (Posttest II). COVARIANTS: CTMM
(Pretest), STAN-TEST IX (Prztest),
AND STAN-TEST 1W (Posttest I)
(N=185)

SS Due to SS About Mezn F-
Source SS Regression Regression df Square Ratio

Among 847

Withir 6031 3383 2648 178 14.87 1.891
Total 6878 4145 2732 181

Diff. for Testing

Among Adjusted |
Treatment Means 84 3 28.13

The non-significant F-ratio of means squ ‘es on the retention
test on arithmetic computation may be seen in iable 26. Therefore, the
bypothesis of equal treatment means was not rejected.

.- \ U OO PR S -

Retention tests were given in late May and early June, about
twelve weeks after the CTMM (Pretest), the ;rssibility existed, there-
fore, that the intelligence test scores which formed one covariarnt
might not be relevant for this retention test. Accordingly, s similar

analysis of covariance was performed for chis test using instead the
CTMM (Posttest) scores.

These scores had resulted from a second rendition of the test
early in June and might be assumed to represent a truer evaluation at

the time of the May-June testing; although these scores were very likely
influenced by the experiment itself.
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Table 27 show' the analysis of covariance using the CTMM (Posttest)
as one covariant.

TABLE 27

ANALYSIS OF COVARIANCE STAN-TEST ! - ARITHMETIC
COMPUTATION - FORM X {Pusttest 1)
COVARIANTS: CTMM (Posttest,, STAN-TEST 1X
(Pretest) and STAN-TEST 1IW (Posttest)

(N=185)

SS Due to SS About Mean Fe-
Source sS Regression Regression df Square Rsatio
Among 867
Wwithin 6031 3059 2972 178 16.70 1,037
Totel 6878 3853 3024 181
Diff. for Testing
Among Adjusted
Treatment Means 52 3 17.31

The F-ratio in Table 27, is smaller than the F-ratio in Table 26,
indicating less possibility of non-rejection of the null hypothesis.

Table 28 shcws coefficients for covariants for the analysis
using CTMM (Pretest): Table 29, similarly, for the analysis using CTMM
(Pusttest).
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TABLE 28

COEFFICIENTS FOR COVARIANTS FOR DATA OF TABLE 26

CTMM (Pretest) STAN-Test IX (Pretest) STAN-Test 1W (Posttest)
Source Coeff. S.E. t Cceff. S.E. t Coeff. S.E. t

Within .0818 .G249 3.2931°™* .2740 .0784 3.4948"™* .4324 .0690 6.2695***

Total .1007 .0233  4.3168** .2768 .0781 3.5431°™* .4032 .0649 6.2106™""

TABLE 29

COEFFICIENTS FOR COVARIANTS FOR DATA OF TABLE 27

CTMM (Pretest) STAN-Test IX (Pretest) STAN-Test IW (Pos“test)
Source Coeff. S.E. t Coeff. S.E. t Coeff. S.E. t

Within .1211 .0252 4.8094™"" .4809 .0738 6.5181°"* .1705 .0913 1.8677

Total .1259 .0230 5.4818™"* .4727 .0729 6.4805"** .1853 .0904 2.0488

1. is interesting to observe from Table 29 thb-t the regression
coefficients (pooled within-treatme ..t and also overall) for the STAN-
Test 1, Form W (Posttest 1) are not s'gnificantly different frum zerc
to be noteworthy. The test, used as covariant. contributed very little
to the prediction of scores on the ret:ntion test and to the overall
regression cquatiom,

whatever differences may have been evidenced in compurational
ability among students in the four trsatment groups on the posttest
immediately follzwing the teaching period appeared to have disappeared
when groups were retested following seven weeks of the usual arithmetic
prograw.,

Tables 30 and 31 are provided to show data for homogeneity of
variance (Hartley Max-F Test) for the analysis of Tables 26 and 27.
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TABLE 30

ADJUSTED TREATMENT MEANS, STANDARD ERRORS,
AND ADJUSTED VARIANCES FOR DATA OF TABLE 26

Adj. S.E. Adj. Adj.Var.gax
Treatment N Mean Mean Adj.Mean Var. Adj.Var.min

Non-Dec 43 1£.30 17.77 .5000 15.48 1.11
Non-Comp 52 16.19 17.08 ,5541 15.97
Dec-VM 42 13.31 15.94  .6388 17.14

Dec-keg 48 18.94 16.15 .5938 16.92

TABLE 31

ADJUSTED TREATMENT MEANS, STANDARD ERRORS,
AND ADJUSTED VAKRIANCES FOR DATA IN TABLE 27

Adj. S.E. Adj. Adj.Var.max
Treatment N Mean Mean Adj.Mean Var. Adj.Var.min

-

Non-Dec 43 18.30 17.64 .6331 17.24 1.20
Non-Comp 52 16.19 16.18 .5730 17.07
Dec-VM 42 13.30 16.47 .6981 20.47

Dec-Reg 48 18.94 16.48 .61l11 17.93

The F-ratios in Tables 30 and 31 indicate that adjusted variances
are homogeneous.

Hypothesis 7. There are no significant differences for scores on

STAN-Test 2, Form X (Posttest I1) - Arithmetic Reasoning - among
groups of fourth grade studen’s receiving the four treatments.
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Retention test scores on the test nf arithmetic reasoning, STAN-
Test 2, Form X (Posttest II) are analyzed in Table 32.

TABLE 32

ANALYSIS OF COVARIANCE OF STAN-TEST 2X
(Posttest 1I). COVARIANT: CTMM (Pretest)
STAN-TEST 2X (Pretest), AND STAN-
TEST 2ZW (Posttest I) (N=185)

SS Due to SS About F-
Source SS Regression Regression df Square Ratio
Among 1077
Within 5010 3297 1714 178 9.63  2.795™*
Total 6087 4292 1795 181

Diff £ r Testing
Among Adjusted
Treatment Means 81 3 26.91

Table 32 shows the covariants for analysis to be the CTMM (Pretest),
STAN-Test 2, Form X (Pretest), and STAN-Test 2, Form W (Posttest I).
The F-ratio was significant to the .05 level. In this case the null
hypothesis Ho: py = O was rejected.

When scores for the same test of zrithmetic reasoning were analyzed
with the CTMM (Posttest) as covariant izstead of the CTMM (Pretest)
(Table 33), for reascns detailed in the discussion of Hypothesis 5, the
F-ratio was significant approximately to the .10 level.
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TABLE 33

v

ANALYSIS OF COVARTANCE STAN-TEST 2X \:osttest II)
COVARIANT: C1MM (Posttest), STAN-Test 2X
(Pretest), and STAN-TEST 2W (Posttest I)
(N=185)

SS Due to 5SS About Mean F-
Source SS Regression Regression df Square Ratio

Among 1077
Within 5010 3326 1684 178 9.46 2.117
Total 6087 4343 1744 181

Diff. for Testing
_Among Adjust :d
Treatment Means 60 3 20.04

This condition led to the non-vefection of the hypothesis and the
four treatment means would have been cons!Zered equal.

For this discussion, the treatment means shall be considered to
be unequal, though not markedly different

To ascertain where the slight differences might be, the Scheffe

test of comparison of meuns was employed. Data for this test is shown
in Table 34,
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TABIE 34

SCHEFFE COMPARISONS BXTWEEN ADJUSTED MEANS
FOR DATA OF TABLE 32

Adj. Treatment Means 2 S.E.
Comparison 14.55 °3.59 12.58 14.22 Ja;y d;, d, t
(1)vs(2) 1 -1 0 0 2 . .9 6.77 1.48
(1)vs(3) 1 0 -1 0 2 1.97 2.910"
(1)vs (&) 1 (4] 0 -1 2 .33 487
(2)vs(3) 0 1 -1 0 2 1.01 1.492
(2)vs(4) 0 1 0 -1 2 .63 -.¢31
(3)v8(4) 0 0 1 -1 2 -1.64 -2.6224
(2)vs(1) -1 3 -1 -1 12 -.58 1.658 ~-.350
+{3)+(4)
(1)vs(3) 2 0 -1 -1 6 2.30 1.173 1.961
+(4)

The ranking which may be assumed for the four treatment groups on

this retention test of arithmetic reasoning was as follows:
Group Number Treatment Rank
(1) Non-Dec 1.5
%) Dez-Reg 1.5
(2) Non-Comp 3
3) Dec-VM 4

1t should be noted that the differences are small, especiaily
between the las: two means.

Tables 35 and 36 indicate regression cocfficients for the three
covariants used in the analysis of the retention test of arithmetic
reasoning.
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TABLE 35

COEFFICIENTS FOR COVARIANTS FOR DATA O” rABLE 32

CT# (Pretest) STAN-Test 2X (Pretest) STAN-Test 2W (Posttest 1)
Scurce Coeff. S.E. t Coeff. S.E. t Coeff. S.E. t

Within .0614 .0222 2.7685"™* .2923 .0729 4.0078*** .5133 .0669 7.6738"

Total .0780 .0213 3.6610™™* .3009 .0739 4.0731*** .5211 .0670 7.7794***

TABLE 36

COBFFICIENTS FOR COVARIANTS FOR DATA OF TABLE 33

CT™ (Posttest) STAN-Test 2X (Pretest) STAN-Test 2W (Posttest I)
Source Coeff. S.E. t Coeff. S.E. t Coeff. S.E. t

Within .0688 .0208 3.3062°** .2797 .0726 3.8504*** .4941 .0669 7.3809™"
Total .0838 .0192 4.3587*** .2845 .0732 3.8876™" .4951 .0668 7.4098™™*

The t-values for the regression coefficients in Tebles 35 aund 36
indicated that in both cases, all coefficients were non-zero to the .01
level.

Data for the test of homogeneity of adjusted variances is shown in

Tables 37 and 38. In both cases, homogeneity was clearly established
and use of analysis of covariance was upheld.
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TABLE 37

ADJUSTED TREATMENT MEANS, S'YANDARD ERRORS
AND ADJUSTED VARIANCES FOR DATA OF TABLE 32

e ey

Adj. S.E. Adj. Ad{.Var.max
Treatment N Mean Mean Adj .Vean Var. Adj.Var.min
Non-Dec 43 15.54 14.55 4812 9.96 1.13
Non-Comp 52 13.08 13.59 4349 9.84
Dec-VM 42 9.91 12.58 .5134 11.07
Dec-Reg 48 16.23 14.22 .4615 10.55

TABLE 38

ADJUSTED TREATMENT MEANS, STANDARD ERRORS,
AND ADJUSTED VARIANCES FOR DATA OF TABLE 33

Adj. S.E. Adj. Adj.Var.max
Treatment N Mean Mean Adj .Mean Var. Adj.var.min
Non-Dec 43 15.54 14.56 4749 9.70 1.20
Non-Comp 52 13.08 13,50 4337 9.78
Dec-VM 42 9.91 12.53 .5256 11.60
Dec-Reg 48 16.22 14.09 .4588 10.10

Hypothesis 9. There are no significant differences for CTMM
(Posttest 1I) scores when groups have been matched according to
CTMM (Pretest) among fourth grade students.

57




Data from the two renditions of the CTMM (Pretest) and (Posttest)
seemed to produce slightly different results in connection with analyses
of achievement tests; and because the CTMM and STAN achievement tests
may be measuring similar factors, an analysis of covariance for CTMM
(Posttest) was performed with the covariant CTMM (Pretest)

Table 39 presents an expanded table of sums of squares. Additional
data is presented both for the within-treatment sums of squares and the
sums of squares and cross products for the covariant because in this
case, since there was only one covariant, the data is availcble. The
F-ratio indicates a rejection of the null hypothesis:

Ho: P1 = P2 = P3 = Pa-
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A separate listing of variance used in testing the assumptions is
found in Table 41.

TABLE 40
PARTITIONS OF VARIANCE FOR TESTS ON

ASSUMPTIONS UNDERLYING ANALYSIS
OF COVARIANCE OF CTMM (Posttest)

84 Value ar Interpretation Symbols

S 7378 177 Z(ni-l)-r-(k-l) r = number of regress:ion

coefficients;
S92 102 3 k-1 k = number of treatments;
Sq 248 2 k-2 n = number of scores in one
treatmeat

S 596 1 1

Sy 8324 183 F(ng-1)-r(k-1)

|
1
;
A study of Table 4! discloses that the one assumption that the between- f
treatment coefficicnt was equal to the within-treatment regression was L
violated. This wa: test 2{c) of Table 41. This amounts itc saying that ]
the regression of Y on X is heterogeneous and that there is a ''treat-
ment" effect in which the relative effectiveness of the treatments 1
differ for different values of the covariant. 3

As explained Ly Lindquist (1953), there may bte some values of
the covariant for waich the t.satments are equclly effective and others
in which one treatm:nt is superior to another. In this instance we
may be showing that test reliability for the CTMM depeiids on the
original score.
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TABLE 41

TESTS ON ASSUMPTIONS UNDERLYING ANALYSIS
OF COVARIANCE FOR CTMM (Posttest)

Description Test F-Ratio
(1) Difference in Means 54+5,, 6.775"""
Pe k-1
S11S7 {
Z(ng-1)-r i
%
(2) Can one regression lirne be sz:sa-i-sg .379
used for all obscrvations, F= (k1)
i.e., is the overall T
regression linear? :
Z(ni-l)-r-(k-l) ;
1f significant, use (a), i
then (b), and then (c) ;
- 2
(a) Are the slopes of regression liues Sy .U81 -
within treatment groups the same? k-1
F= -~ '
Sy ;
T(ng-1)-r=(k-1; '
(b) Is the between treatment 83
regression linear? - k-2 2,983
P = 51¥5y ~
t(ni'l)'r
(c¢) 1f slopes are the same and S4
regression for means is linear, 1 "ok
are between treatment regression -51 +s, 14.34
coefficients the same as within —
treatment regression coefficients? L (ng-1)-r
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Test (2) of Table 41 showed that the approximate overall regression
line was linear. Test 2(a) showed that the regression coefficients
wvithin-treatments were equal. More important, Test 2(b) showed that the
between-treatment regression was linear, although the F-ratio in this |
case yvas nearing significance.

Since the major assumptions were upheld, the analysis of covariance
was assumed to be appropriate.

The within-treatment coefficient, its standard error of estimate, _ L
and t-value are .9799, .0363, and 26.9963** respectively. The total
regression coefficient, its standard error, and its t-value are 1.0365,
.0346, and 29.9457***, respectively. The non-zero nature of the
regression coefficient was clearly indicated here.

Table 42 shows homogeneity of adjusted variances.

TABLE 42

ADJUSTED TREATMENT MEANS, STANDARD ERRORS,
AND ADJUSTED VARIANCES FOR DATA OF TABLE 39

adj. S.E. Adj. Adj.Var.max
Treatment N Mean Mean Adj.Mean Var. Adj.Var.min

Non-Dec 43 111.37 106.57 .9990 42.91 1.15

Non-Comp 52 108.69 107.63 .8948 41.63

Dec-VM 42 92.62 102.97 1.0660 47.73

Dec-Reg 48 112.96 109.36 .9400 42.41

Tavle 43 displays data used in the Scheffe comparisons of
treatment means.
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TABLE 43

SCHEFFE COMPARISONS BETWEEN ADJUSTED MEANS
FOR DATA OF TABLE 39

Adj. Treatment Means S.E.

Comparison 106.57 107.63 102.97 109.35 JaZ  d; ofdy ¢
(1)vs(2) 1 -1 0 0 2 -1.06 1.41  .752
(1)vs(3) 1 0 -1 0 2  3.60 2.553"
(1)vs (4) 1 0 0 -1 2 -2.718 -1.972
(2)vs(3) 0 1 -1 0 2 4.66 3.305™
(2)vs(4) 0 1 0 1 2 -l1.72 -1.220
(3)vs(4) 0 0 1 -1 2  -6.38 -4.525%*
(2)va(l) -1 3 -1 -1 12 4.00 1.159
+(3)+(4)

{1)ve(3) 2 0 -1 -1 6 .82 .336
+(4)

The data of Table 43 disclosed the following ranking for the four
treatment groups:

Group Number Treatment Rank
(4) Dec-Reg 2
(2) Non-Comp 2
(1) don-Dec 2
(3) Dec-VM 4

The Dec-VM group also started with a lower group mean, from which
one may conjecture that improvement in scores may be a function of a
starting score. The possibility exists, however, that the particular
treatment had an adverse affect on the intelligence quotient scores.
Because this comparison of the CTMM is based on group mean scores, one
may only conjecture wvhat tuis change means with respect to intelligence
quotient and its relation to the standard error of the test itself.
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The relative positions of the group means as indicated in Table 43
suggests that the intelligence quotients of Dec-VM sroup did not keep
pace with that of the other three groups.

Hypothesis 11. There are no differences for d.fference scores
between the Pretest and Posttest I STAN-Test . scores among
groups of fourth grade students receiving t'.e four treatments.

Differences between scores on the STAN-Test 1, Form X (Pretest)
and the STAN-Testl, Form W (Posttest) were analyzed by means of analysis
of variance. Table 34 showed the partitioning of the .Jariance and a

highly significant F-ratio indicating rejection of the null hypothesis
of equal means.

Appendix H includes a table showing the test of homogeneity of
variance for the analysis of variance performed in the testing of Hypothe-
sis 11-20. All data but the scores usec in connection with Hypothesis
18 are suited to analysis of variance on this basis.

TABLE 4k

ANALYSIS OF VARIANCE DIFFERENCE SCORES
STAN-TEST 1 (Posttest I - Pretest)
ARITEMETIC COMPUTATION GRADE FOUR

(=185)
Source 8S dt Mean Square F-Ratio
Among 3Th 3 12k .84 6.366%**
Within 3549 181 19.61
Total 3923 184
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TARLE '45
SCHEFFE COMPARISONS BETWEEN MEANS ON DIFFEREACZ SCORES-

STAN-TEST 1 (Posttest I - Pretest) ARITHMETIC COMPUTATION | ]
|
Trecatment Neans S.B.

Comparisons 3.3023 1.05T7 2.5952 4.8750 a2 4, ofa ¢t x

(1)vsi2) 1 . 0 0 2  2.2u6 .61 2.3364

(1)vs(3) 1 0 -1 o 2 +TOT1 736

(1)vs(h) 1 o 0 . 2  -1.5T27 -1.636

(2)ve(3) 0 1 -1 0 2  -1.5375 -1.600

(2)vs (k) 0 1 0 -1 2 -3.8173 -3.g72%*

(3)ws(L) 0 0 1 -1 2  -2.2T98 -2.3724

5"8‘{1&3 -1 3 -1 1 12 -7.599%% 2.353 -3.230™"

(1)va(3) 2 0 -1 -1 6 .8656 1.664  .520

+(k)

Table 45, the Scheffe Test data, indicated the following approximate

ranking of treatment groups cn these difference scores:
Group Number Treatment Rank

(4) Dec -Reg 1

(3) Dec -VM 2

() Non -Dec 3

(2) Non -Comp N
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It may be recalled that in the ranking on the pretest, Dec-Reg was
first and Dec-VM wvas last. Gains in score: were ciearly in favor of the
Dec-Reg treatment group. The least progress in computation was reported
for the Non-Comp (Geometry) treatment giroup. This was borne out in the
Scheffe comparison showing the average of the computation group to
surpass significantly the Non-Comp group.

liypothesis 13. There are no difforences for difference scores
between the Pretest and Posttest I STAN-Test 2 amopg groups of
fourth grade students receiving the four treatmenis.

The non-significant F-ratic resulting from analysis of variance of
the score differences between STAN-Test 2, Form X (Pretest) and the STAN-
Test 2, Form W (Posttest I) indicated that trestment means may be
considersd to be equal. (Table 46)

TABLE 46

JNALYSIS OF VARIANCE DIFFERENCE SCORES
STAN-TEST 2 (Posttest I - Pretest)
ARITEMETIC REASONING

(N=185)
Source SS ar Mean Square F-Ratio
Among 59 3 19.79 1.313
Within 2729 181 15.08
Total 2788 184

The nul. hypothesis was not rejected and the diffeirence score
means on this test of arithmetic reasoning were considered equal.

Hypothesis 15. There are no significant differences for difference
scores between the Posttest I and Posttest II STAN-Test 1 scores
among the fourth grade students receiving the four ireaiments.

Analysis of variance of the difference scores on the test of
computation between the renditions Postiest I and Posttest II showed a
sign’ficant F-ratio and indicuted rejection of the hypothesis of equal
means. (l‘able 1&7 )
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THBIE 47

ANALYSIS OF VARIANCE DIFFERENCE SCORES
STAN-TEST (Posttest II - Posttest I)

(w=185)
Source SS ar Mean Square F-Ratio
Among h25 3 141.79 6.904**
Within 3717 181 20 5k
Total h1h2 18k

Analysis of mean differences by the Scheffe Test shown in Table 48.

TABLE k8

SCHEFFE COMPARISONS BETWEEN MEANS ON DIFFERENCE SCORES
STAN-TEST 1 - COMPUTATION (Posttest II - Posttest I)
GRAIE FOUR (N=185)

Comparison 1.581% %?Bnt-m -1.7292 Za% a gig &1 t
(3)vs(2) 1 -1 0 0 2  -.3224 .989 -.326
(1)vs(3) 1 0 -1 0 2 2.0338 2.056
(1)vs(h) 1 0 0 1 2 3.3106 3T
(2)vs(3) 0 1 -1 ) 2 2.3562 2.362¢4
(2)vs(h) 0 1 0 1 2 3.6330 3,673
(3)vs(a) 0 0 1 1 2 2486 2.206
(s} ! A 12 6.6 2472 2.553%
(3)+(k)

(%3‘,"‘3)* 2 o A 1 6 5.3k 1713 3 g™
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It may be observed that certain "losses” shown in the teaching
period of the experiment seem to have been overcome during the post-

teaching period.

%thesis 17. There are no sig ificant differences for
erence scores between the Posttest I and Posttest II STAN-

Test 2 scores among the fourth grade students receiving the
four treatmencs.

A:slysis of variance indicateZ a non-significant F-ratio for the
differance scores on the test of aritlmetic reasoning between Posttest 1
and Posttest II. (Table 49)

TABLE 49
ANALYSIS OF VARIANCE DIFFERENCE SCORES

STAN-TEST 2 (Posttest I1-Posttest I)
ARITHMATIC RERASONING

Source SS ar Mean Square F-Ratio
Among 79 3 26.42 2.148
Within 2226 181 12.38

Total 2305 184

The null hypothesis of equal means was not rejected.

sis 19. There are no significant differences for scores on
the sub-portion of STAN-Teat 2 directly testing tie concept of place
7alue and numeration among fourth grade students receiving the four
treataents.

In the test of aritlmetic reasoning, STAN-Test 2, several questions
required knowleidge of concepts of place value and numberation. A grouwp
of seven Juestions was seiected from Form X and matched vith a set
from Form W. An example of the matching process may be found in Appendix J.
This set of ratched questions was referred to by the name, Place Value
Subtest in seven.! tables presented earlier.




Each child's responses to each of these seven questions was listed
on his IBN data card. This listing enabled computation of relisbilities
for thia ‘;nt by the Kuder-Richardson 20 index of test reliability.

Table

Analysis of covariance, followed by the Scheffe camparison of
means test was used on all scores. Tables 50 and 51 display édata for
the Place Value Pretest; Tables 52 and 53 for the Place Value Posttest I;
and Tables 5k and 55 for the Place Value Positest II.

TABLE 50

ANALYSIS OF VARIANCE: PIACE VALUE SUBTEST (Pretest)
GRADE FOUR (N=185)

Source 88 ar Mean Square F-Ratio
Among 27.67 3 9.223 k273%™
Within 390.71 181 2.159




TABLE 51

SCHEFFE COMPARISONS BETWEEN MEANS ON PLACE
VALUE SUBTEST (Pretest) GRADE FOUR

Comparison 3.2791 T?.a:;n tz'.(;:;g 3.6458 Z.i a 2}‘51 t
(1)vs(2) 1 -1 0 0 2 0678 .320 .212
(1)vs(3) 1 ) -1 0 2 <1315 2.2864
(1)vs(h) 1 0 0 -1 2  =.3607 -1.146
(2)vs(3) 0 -1 -1 0 2 6638 2.0Th
(2)vs(h) 0 1 0 -1 2 -3 1.3572
(3)va (k) 0 0 1 -1 2 -1.098 -3.432"**
(2)vs(1)+ -1 3 -1 1 12 1620 T84 2,066
(3)+(1)
(](.‘)"r (3)+ 2 o -1 -1 6 68  55% 658
TABLE 52
(m=185)
Source S8 ar Mean Square F-Ratio
Among 37.Th 3 12.579 3.702™*
Within 615.00 181 3.398
Total 652.Th 184
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TABLE 53

SCEEFFE COMPARISON BETWEEN MEANS ON
PLACE VALUE SUBTEST (Posttest I)

Compar \ Treatment Mesns 5 S.E.
son 4.2558 14.0000 3.1667 hk.3542 7 a7 a of & t
(1)vs(2) 1 -1 0 0 2 2558 402 .636
(1)vs(3) 1 0 -1 ) 2 1.0891 2.709*
(1)vs(h) 1 0 0 - 2  -.0984 =245
(2)vs(3) o 1 1 0 2 8333 2.0u8
(2)vs(k) N 1 0 -1 2 =.3542 -.881
(3)vs(b) 0 0 1 a2 -1.1875 2.954""
(ag;:&r -1 3 -1 S R 2233 .98 .227
(%3;3(3% 2 0 1 1 6 .9907 .696 1.k23
TABLE 5k
AMALYSIS OF VARIANCE: PIACE VALUE
SUBTEST (Posttest II) GRADE FOUR
(w=185)
Source 8s af Mean Square F-Ratio
Among 19.15 3 6.388 3.2k9""
Within 355.73 181 1.965
Total 37h.89 184




TABLE 55

SCHEFFE COMPARISON BETWEEN MEANS ON PLACE
VALUE SUBTEST (Posttest 11I) GRADE FOUR

Treatment Means S.E.
Comparison 3.6744 3.5769 3.2381 4.1458 }_'af dy of dg t
(1)vs(2) 1 -1 0 0 2 .0975 .306 .319
(1)vs(3) 1 0 -1 0 2 .4363 1.426
(1)vs(4) 1 0 0 -1 2 -.4714 -1.541
(2)vs(3) 0 1 -1 0 2 .3388 1.107
(2)vs (&) 0 1 0 -1 2  -.5689 -1.859
(3)vs(4) 0 0 1 -1 2 -.9077 -2.966**
(2)vs(1) -1 3 -1 -1 12 -.3276 .749 -.437
+(3)+(4)
(1)vs(3) 2 0 -1 -1 6 -.0351 .530 -.066
+(4)

In all three analyses of various significant F-ratios (.05 level),
the null hypothesis of equal means was rejected and the Scheffe com-
parison of means test was employed.

Results on the three renditions of the Place Value Subtest
pointed to a consistent ranking of the groups on these scores as

follows:

Group Numbe: Treatment Rank
(%) Dec-Reg 1
(1) Non-Dec 2.5
(2) Non-Comp 2.5
3) Dec-VM 4

]
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It should be observed that these rankings are approximate and
that the differences between one treatment group and the next are not
the same for each test.

For its length, this place value subtest proved to be fairly
reliable. Its value to this experiment lay in its providing further
evidence concerning the learning of place value concepts, one of the
objectives of the teaching of non-decimal systems, by students in the
various treatment groups.

Hypothesis 21. There are no significant correlations for fourth
grade si ‘ents separated according to sex and treatment among
scores for intelligence, teacher judgment of arithmetic and
reading ability, arithmetic computation, arithmccic reasoning,
non-decimal numeration, and geometry.

Intercorrelations computed using the Pearson Product-Moment
formula were calculated for the variables described in Appendix E for
various groups of fourth grade st dents. Table 56 displays the cor-
relation coefficients for the fourth grade boys in the lower left half
of the table and for the fourth grade girls in the upper right half.

The variables selected for study are age, teacher reading and arithmetic
estimstes, the prete. s, and the posttests of non-decimal numeration,
geometry, and place value.

The hypothesis being tested for each pair of variables may be
stated symbolically, Ho: P45 = 0. Not all correlations displayed in
Table 56 are considered significant (Appendix F). For this study,
only correlations significant to the .0l level are considered noteworthy;
these are shown underscored in the tables which follow.

0f the £5 correistions showm for each group in Table 56, 22 are
significant for the boys and 25 for the girls.
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The three pairs of correlation coefficients for boys and girls
which appeared to differ were further examined by testing for the signifi-
cance of the difference of the correlation coefficient (Garrett, 1958,
p. 241). The correlations for boys and girls groups on the pairs of
variables (11), (24); (9), (26); and (16), (24) did not show difierences
significant even to the .05 level. A difference of approximately .25
in the r values would have been necessary in order to have done so. For
all pairs of variables, the correlations of fourth grade boys did not
differ significantly from those for girls.

The non-significance of correlations for the pretests of vision,
hearing, and motor coordination with the standardized tests of intel-
ligence and arithmetic may be seen in Table 56. The geometry test
showed no correlations =ith standardized test scores. The non-decimal
test correlated significantly with the teachers' estimates of reading
and the arithmetic reasoning scores. The place value test showed sig-
nificant correlations with both intelligence and arithmetic tests.

Table 57 shows 54 intercorrelations for the Non-Dec group of
which 26 are significant to the .01 level and 54 for tnhe Non-Comp group
of which 21 are significant. The findings on Table 57 should be con-
gidered along with those displayed on Table 58.

Table 58 shows 44 correlations for the Dac-VM group of which 10
are significant to the .01 level and 44 correlations for the Dec-Reg
group of which 15 are significant.

In order to show any differences among correlation coefficients
of these four treatment groups a difference of approximately .12 was
necessary (Garrett, p. 242). Correlations for the four groups between
the reading estimate and computation were .42, .31, .17, and .25.
Between the arithmetic reasoning and computation, the correlations
were .72, .52, .33, and.2%i. The teachers' estimatee of reading seemed
to relate more closely with the reasoning part of the arithmetic
standardized test than with the computation part. Important are the
differences in correlations between the groups. The Dec-VM group,
which had shown the lowest pretest scores of intelligence and arith-
mztic computation and reasoning showed a significant difference too
on these key correlations. A difference may also be seen in the
correlation between the place value subtest and intelligence and arith-
metic tests.

Although certain differences among selected test score correlations
are demonstrable among the four treatment graups, these may be more a
result of previous group differences than of treatment effects.
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The degree of relationship between two variables which is repre-
sented by the correlation coefficient may be explained by the following
analysis by Ferguson:

In general, in attempting to conceptualize the degree of
relationship represented by a correlation, it is more meaning-
ful to think in terms of the square of the correlation
coefficient instead of the correlation itself...Thus, a
correlation of .10 represents a 1% association, a correla-
tion of .50 represents a 25% association and the like...
Whether a functional relationship can be regarded as a

causal relationship is a matter of interpretatic .

(1959, p. 108)

The degrees of relationship depicted in Tables 56 through 58 are
as follows:

Lower Boundary | Lower Boundary
Correlation Percent of

Table Coeificients Relationship
56 .25 6.5
.24 6.0
57 .32 9.9
.35 12.5
58 .39 15.4
.36 13.0

Though the percentage of relationship figures in the right-hand
column appear low, it should be recailed that the correlation coeffi-
cients from which they are derived are significant to the .01 level.

The relevance of investigation of intercorrelations must be judged
by each researcher. Speculations may also be made regarding their
interpretation in education. No claims are made for substitution of
causality for correlation. At best, the relationships herein depicted
may lead to new conceptualizations and perhaps emphasize new directions
for further study.

Hypothegis 23. There are no significant differences among fourth
grade students' scores on the Non-Decimal Test (Posttest I) and
the Non-Decimal Test (Posttest II).
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The Wilcoxon Matched-Pair Signed-Rank Test was used to analyze the
group's performance on the two renditions of the Non-Decimal Test. This
non-parametric test utilizes both direction and magnitude of score dif-
ferences. Accordingly, a one-tailed test was used to compare the sums
of th. positive and negative ranks of the differences (Wilcoxon, Katti,
Wilcox, 1963).

Table 59 shows che data and some of positive and negative ranks.
The null hypothesis was Hy: the scores of fourth graders on the retention
test were not significantly Jower than scores on the first posttest.
In terms of the Wilcoxon Test, the sum of the positive ranks equals the
sum of the negative ranks.

Probability for the smaller of the like ranks to be less than 256
for n=38 is less than .0493. The number of pairs 38 is the original
number 43 minus the number of pairs with & difference equal to zero.

The Wilcoxon Trst leads to the rejection of the null hypothesis
and the proposed acceptance of the alternative hypothesis. Fourth
grade students' scores on the Non-Decimal retention test are signifi-
cantly lower than scores on the first posttest.
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TABLE 59

WILCOXON MATCHED PAIRS SIGNED RANKS TEST NON-
DECIMAL TEST-POSTTEST I AND POSTTEST I1I
' GRADE FOUR (N=43)

Rank of Rank of
Score ' Negative Positive ;
nifferences , Differences Differences '
+ 2 9.5
+24 3s ;
-8 31 '
-11 a3
-3 14
-7 28.5
+1 3.5
-7 28.5
-3 14

"0
pt o
- »
W
w

It
inOh &
N
o &
e o
ww

+12 3.5
- 2 9.5
-1 3.5
+ 3 14
+ 2 9.5
-6 24.5
- 2 9.5
-1 3.5
- 2 9.5
+ 2 9.5
+ 4 18.5
-1 3.5
-5 22
+ 7 28.5
-6 24.5
-1% 37
+1] 3.5
-11 a3
-6 24.5

568. 138.0




CHAPTER IV
FINDINGS FOR GRADE SIX

Pretest Data

During the pretest period, grade six students were given the
California Test of Mental Maturity - Short Form, and the computation
and reasoning subtests of the Stanford Arithmetic Achievement Test
Level II. The means and standard deviations on these and other tests
for the Non-Dec treatment are shown in Teble 60 with and without the
test consgtructor class. The representative nature of the sixth grade
test constructor class is demonstrated by the similarity of mean scores
in both ceases.

Table 61 displays the means and standard deviations of the Non-
Comp, Dec-VM, and Dec-Reg treatments for tests taken by those groups.
TABLE 60

GRADE SIX - TREATMENT NON-DEC

Without Test With Test
Constructor Class Constructor Class
='l>7 N=T0
Mean S.D. Mean S.D.
COM (Pretest) 114.57 13.52 112.80 12.53
CTMM (Posttest) 115.53 14,28 11k .49 1%.27
Stanford Test 1-X 20.40 5.30 19.0k 5.65
(Pretest)
Stanford Test 1w 1909’ 60% 190“9 6.73
(Posttest I)
Stanford Test 1-X 22.Th 6.80 21.13 7.35
(Posttest 1I)
Stanford Test 2-X 16.57 5.98 16.01 5.Th
(Pretest)
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TABLE 60 -- Continued

Without Test With Test
Constructor Class Constructor Class
N=LT7 K=-TO
Mean S.D. Kean S.De
Stanford Test 2-W 17.65 6.45 16.59 6.30
(Posttest 1)
Stanford Test 2-X 19.85 6.83 18.41 T.22
(Posttest 1I)
Non-Decimal Test 3000.' 7067 3000" 15050
(Posttest I)
Kon-Decimal Test 29.40 8.9 29.41 9.10
(Posttest 1I)
Place Value Subtest 5.0l 1.68 k.66 1.77
(Pretest)
Place Value Subtest 5¢32 1087 hoy‘ 1.99
(Posttest I)
Place Value Subtest 50“5 2.12 5009 2.08
(Posttest II)
&
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TABLE 61

MEANS AND STANDARD DEVIATIONS ON TEST INSTRUMENTS
GRADE SIX - TREATMENTS NOM-COMP, DEC-VM, DEC-REG

Treatment Non-Comp Treatment Dec-Vm Treatment Dec-Beg

N=53 =5k N=k5
Mean SeDe Mean S.De Mean S.D.
CTM (Pretest) 110.98 11.35 107.70 17.3% 103.33  14.53
Stanford Test 1-W 18.“ 5.61 1"’.85 ‘|'076 20018 7.“1

CDM (Posttest) 116.9%% 10.03 108.26 17.11 105.78 1k.37
Stanford Test 1-X 17.53 LB 13.78 S5.22  15.73 6.15
(Pretest)
(Posttest 1)

Stanford Test 1-X 20.87 ' 5.83 1542 5.72 20.76 7.01
(Posttest II)

Stanford Test 2-X 16 081 5 ."J£ 12 089 h 078 13 «20 h 076
(Pretest)

Stlnford Te‘t 2-' 17.58 5.& l"’oS? 5075 1"’.@" 50%
(Postiest I)

Stanford Test 2-X 17.9% 5.56 1,61  S5.47  15.18 6.11
(Posttest 1I)

Place Value Subtest 4,64 1.61 4,28 1.77 442 1.57
(Pretest)

Place Value Subtest 5 .0l 1.86 k.80 1.96 4,6k 2.27
(Posttest I)

Place Value Subtest 4.89 1.67 4.07 1.78 4. 87 1.83
(Posttest II)
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Visual exsmination alone of the data of Tables 60 and 61 dozs not
revesl vhether the treatment groups may be considered statistically
equal at the start of this experiment. In order to ascertain 2quality
of treatment means, the analysis of variance must be employed for those
pretests. The appropriateness of using this analysis of variance wvas
tested by means of the Eartley Maximm-F Test of Homogeneity of Variance.

The F-ratios for the CTMM (Posttest) and the Stan-Test 1-W
(Posttest I), tests to be considered later by means of analyses of
covariance, are slightly above the ordinarily acceptable levels of signi-
ficance. Winer (1962) does not regard slight departures from equality
of population variances as troublesome to the researcher because of the
robustness of the F-tests and the positive bias in the use of the larger
N of unequal groups. For all analyses of variance and covariance of
sixth grade treatment groups with respzct to those tests listed in Table 62,
the variances are considered to be hcasgeneous.

Pretest of Intelligence

The equality of group means of intelligence scores was tested by
analysis of variance of the CTMM (Pretest). Table 63 shows the distri-
bution of sums of sgueres for this analysis.

TABLE 62

HARTLEY MAXIMUM-F TEST OF HOMOGENEITY OF VARIANCE OF
TEST SCORES OF SIXTH GRADE TREATMENTS

largest Smallest Mumbers in smax F ## F &%
Variance Variance Both Groups semin .05 .01

CT™M (Pretest) 300.6 128.9 sh k7 2.33 2.03 2.k

c™MM (Posttest) 292.8  100.6 54,53 2.91 2.03 2.k

Stanford Test 1l-Form X 37.8 23k 45.53 1.62 2.05 2.4
(Pretest)

Stanford Test 1-Form W 5k.9 22.7 45.54 242 2,03 2.k
(Posttest I)

Stanford Test 1l-Form X 49,1 32.7 45,54 1.50 2.03 2.4
(Posttest 1I)

Stanford Test 2-Form X 35.7 22.7 4745 1.57 2.14 2.6
(Pretest)
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TABLE 62 -- Continued

Adaus 22 R — oo
— P

largest Smallest Mumbers in s2max F ## F &
Variance Variance Both Groups semin .05 01

Stanford Test 2-Form W 41.6 33.1 47.54 1.26 2.03 2.4
(Posttest I)

Stanford Test 2-Form X 46.6 29.9 47.54 1.56 2.03 2.k
(Posttest II)

Place Values Subtest 3050 2079 h7053 1025 2005 20“
(Posttest I)

Place Value Subtest 4 .h9 2479 47.53 1.61 2.05 2.b4

) .05

L3 1 01

TABLE 63

ANALYSIS OF VARIAKCE - CTWM (Pretest)
Grade 6 (N=199)

Source 88 ar Mean Square F Ratio
Among 3195 3 1C55 51493 ¥*
Within 40336 105 206

Total 43531 198

The F-ratio in Table 63, significant to the .05 level, indicates
 that the treatment means are indeed unequal. The Scheffe Test for com-
parisons among ireatment means was therefore employed to determine how
the various treatment groups related on the intelligence score criterion.
Table 64 shows the data used in the Scheffe comparisons (Appendix I).
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TABLE 64

Yt . . -

SCHEFFE COMPARISONS BETWEEN MEANS ON CTMM {Pretest)

Comparison nh.s?eﬂt;g MoTo70 103.33 Yay 4 gf'géi t
(1)vs(2) 1 -1 0 0 2 3.59 3.03 1.185
(1)vs(3) 1 0 -1 0 2 6.87 2.267
(1)vs(h) 1 0 0 -1 2 1.2k 3.TOGH#
(2)vs(3) 0 1 -1 0 2 3.28 1.082
(2)vs(k) 0 1 0 -1 2 T.65 2.525%
(3)vs(l) 0 0 1 -1 2 .37 142
(2)vs(1) -1 3 -1 1 12 T34 T2 989
+(3)+(4)

93%(3) 2 0 -1 -1 6 18.11 5.25 3.L50%k

Table 64 reveals the ranking of treatment groups by means of intel-
ligence test scores attained on the CIMM (Pretest) for grade six to be

as follows:
Group Mumber Treatment Ran Rank
(1) Non-Dec 1
(2) Non -Comtp 2
(3) Dec -VM 3.5
(4) Dec-Reg 3.5




The four treatment groups began the experiment unequal on this
measure of intelligence. There was the need therefcre to equate these
groups statistically. The use of analysis of covariance with the CTMM
as covariant was used where appropriate.

Pretest of Arithmetic Computation

Table 65 presents the sums of squares distribution for the analysis
of variance of Stan-Test 1-Form X, used as the pretest of arithmetic com-

putation.
TABLE 65

ANALYSIS OF VARIANCE -~ STAN-TEST 1, FORM X
(Pretest ) -~COMPUTATION GRADE SIX (N=199)

Source SS daf Mean Square F Ratio

Among 1183 3 394,350 13,681+ }
|

Within 5621 195 28,824 i

Total 680L 198 |
|
i

The significant F-ratio in Table 65 suggested the possibility of
making comparisons among the means by the Scheffe Test. Table 66
displays the data for these comperisons.
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TABLE 66

SCHEFFE COMPARISONS BETWEEN MEANS OF STAN-TEST 1,
FORM X (Pretest)

Couparison 20.40 f?;?"’ﬁ%‘“ims Yo 4, ifEéi t
(1)vs{2) 1 -1 0 0 2 2.87 1.13  2.5ho%
(1)vs(3) 1 0 -1 0 2  6.62 5,859%%
(1)vs(k) 1 0 0 -1 2 L4.67 b 1330
(2)vs(3) 0 1 -1 0 2 3.75 3.31g%*
(2)vs(k) 0 1 0 -1 2 1.80 1.593
(3)vs(4) 0 0 1 -1 2 -1.95 -1.726

(2)vs(1) -1 3 -1 <1 12 2.68 2.77 +968
+(3)+(i+)

(1)vs(3) 2 0 -1 -1 6 11.2k 1.96  5.735%*
+(k)

The Scheffe Test for treatment means on the pretest of arithmetic
camputation for grade six (Table 66) indicated that the students in
treatment Non-Dec began with a markedly superior ability in arithmetic
computation over all the other groups. Here then is further indication
of need to employ analysis of covariance for posttest computation
scores.,

Pretest of Arithmetic Reasoning

Comparison of means of grade six treatment groups for the arithmetic

reasoning test, STAN-Test 2, Form X {Pretest) is shown in Table 67.
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TABLE 67

ANALYSIS OF VARIANCE STAN-TEST 2 X (Pretest)
ARITHMETIC REASONING - GRADE SIX

(N=199)
Source SS df Mean Square F-Ratio
Among 6Tk 22k 575 8.438%
Within 5190 195 26.616
Total 586k 198

Significant differences among treatment means indicated the appro-

priateness of the Scheffe comparison of means.
for this statistical test.

TABLE 68

Data are shown in Table 68

SCHEFFE COMPARISONS BETWEEN MEANS ON STAN-TEST 2-FORM X (Pretest)

Treatment Means S.E.
Comparison 16.57 16.81 12.89 13.20 zaf 4 of d, t
(1)vs(2) 1 -1 0 0 2 -2k 1.09 -e220
(1)vs(3) 1 0 -1 0 2 3.68 3.376%*
(1)vs(l) 1 0 0 -1 2 3.37 3.092%#
(2)vs(3) 0 1 -1 0 2 3.% 3596
(2)vs (k) 0 1 0 -1 2 3.6 3.312%%
(3)vs(h) 0 0 1 -1 2 -3 -.28
(2)vs(1) -1 3 -1 1 12 T.IT 2.67 2,910
+(3)+ (k)
(1)vs(3) 2 0 -1 -1 6 7.05 1.89 3. T30
+(k)
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Table 68 reveals that groups Non-Dec and Non-Comp began the experi-
ment with scores superior to those of students in treatments Dec -V end
Dec -Reg.

Summary of Analysis of Pretest Data

On all three pretests, the four treatment groups could not be
considered to have equal means. Of particular importance to this experi-
ment, the Non-Dec treatment group means were significantly superior
to most other groups on &ll three measures. To asse3s the effects of
any treatment on the criteria of arithmetic computation and ressoning,
the groups n.8%t be equated statistically by means of analysis of
covariance.

Hypotheses Concerning Grade Six

The even-numbered hypotheses will be considered one at & time in
this chapter. Supporting data will be presented for rejection or non-
rejection of each hypothesis.

Hypothesis 2: There are no significant differences for scores on
STAN-Test 1, Form W (Posttest I) - Carputation -
among groupe of sixth grade students receiving the
four treatments.

Analysis of Stan-Test 1-W-Camputation-(Posttest I) wes done using
as covariants the CTMM (Pretest) and the Stan-Test 1-X (Pretest). Data
derived from the original scores for use in this analysis is shown in
Table 69.

The highly significant F-ratio in Table 69 obtained despite statis-
tical correction by means of two covariants, led to rejection of the
hypothesis of equal treatment means on scores of this camputation test.




TABLE 69

ANALYSIS OF COVARIANCE STAN-TEST 2-W (Posttest I)
COMPUTATION - COVARIANTS: CTWM (Pretest) and STAN-
TEST 1-X (Pretest) GRADE 6 (N=199)

— e

Source SS SS Due to SS About df Mean
Regression Regression Square Ratio
Among 3
Within Thsk 4159 3295 193 17.075 12.22h%%#
Total 83717 lS5 31 196
Diff. for Testing
Among Adjusted
Treatment Means 626 3 208.723

The coefficients, their standard errors, and computed t-values as
shown for each coveriant in Table T0.

TABLE TO
COEFFICIENTS FOR COVARIANTS FOR DATA OF TABLE 69

CTMM (Pretest) Stan-Test 1-X (Pretest)
Source Coeff. S.E. t Coeff. S.E. t

Within ~ .0912 02kl  3.7836% .TOTL  .06h6 10,9486% %
Total 0631 0255 2472k sT112 .06h6 11.0085 %
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The significant t-values in Table 7O indicated that the within-
treatment and total regression for each covariant was non-zero.

Adjusted treatment means, their standard errors, and adjusted
variances are shown in Table Tl.
TABLE T1

ADJUSTED TREATMENT MEANS, STANDARD ERRORS AND ALJUSTED
VARIANCES FOR DATA OF TABLE 69

Adj. S.E. Adj). Ad}. Var. max
Treatment N Mean Mean Adj. Mean Var. Adj. Var. min

Non-Dec 47 19.96 :6.89 6349 18.95 1.10
Non -Comp 53 18.04  17.35 <5693 17.18
Dec-VM sk 14.85 17.12 5898  18.78

Homogeneity of adjusted variances is indicated by the non-significant
P-ratio in the application of the Hartley Max-F test in Table Tl.

Linearity of overall regression in the analysis of covariance data
for grade six was assumed in cases of more than one covariant. As
explained in Chapter IV, derived data did not permit separation of sums
of squares into components needed to test this assuaption statistically.

The Scheffe Test was used to analyze and determine which treat-
ment means vere not equal, The test enabled mauy comparisons to be made
besides comparisons of all possible piirs. Again in the following
anslyses, Treatment Non-Camp was compared to the average of the other
three computational treatments and Treatment Non-Dec was compared to
the average of Dec-VM and Dec-Reg in addition to the usual camparison

by pairs.




TABLE T2

SCHEFFE COMPARISONS BETWEEN ADJUSTED MEANS STAN-TEST 1, FORM W,

(POSTTEST I)
Caomperison 16.89Tri;?;§ntl§::2ns 21,46 Zai d ii.’E& . t
(1)vs(2) 1 -1 0 0 2 -6 87 -.528
(1)vs(3) 1 0 -1 0 2 -23 - .26k
(1)vs(h) 1 0 1 -1 2 4.57 =5 .26
(2)vs(3) 0 1 -1 0 2 .23 264
(2)vs(l) 0 1 0 -1 2 401 L, T18mx
(3)vs(t) 0 0 1 -1 2 -3.88 & sl
(2)vs(1) -1 3 -1 1 12 -3.42  2.133  -1.603
+(3)+(k)

(1)vs(3) 2 v} -1 -1 6 4.8 1.5 -3.181 %%
+(k)

Table 72 shows the data used in this application of the Scheffe
Test.

The treatments may be ranked as follows:

Group Number Treatment Rank
(k) Dec -Reg 1
(1) Non-Dec 3
(2) Nen~Comp 3
(3) Dec -VM 3
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Treatment Dec-Reg showed a marked superiority over the other three
treatment groups on this posttest of arithmetic computation. In fact,
the treatment Non-Dec mean score was clearly inferior to the mean
scores of the groups studying decimal numeration, as can be noted in
the data shown on the last line of Table T2.

Hypothesis l: There are no significant differences for scores on
STAN-Test 2, Form W (Posttest I) - Arithmetic Reasoning -
among groups of sixth grade students receiving the

four treatments.

Derived data for analysis of covariance for the test of arithmetic
reasoning, STAN-Test 2, Form W (Posttest 1) for grade six is shown in
Table 73.

TA3LE T3

ANALYSIS OF COVARIANCE STAN-TEST 1, FORM W
(Posttest I) - ARITHMETIC REASONING - COVARIANTS:
CTMM (Pretest) and STAN-TEST 2, FORM X (Pretest)

GRADE SIX (N=199)

SS Due to SS About Mean P
Source SS Regression Regression df Square Ratio
Among Sl
Within 7016 4473 254k 193 13.180 0122
Total 1561 5012 2549 196
Diff. for Testing
Among Adjusted
Treatment Means 5 3 1.608

The non-significant F-ratio of Table 73 supported the hypothesis
of equal means.

The non-zero within-treatment and total regression coefficients
for each covariant are exhibited by highly significant t values in
Table Tk,
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TABLE Th
COEFFICIENTS FOR COVARIANTS FOR DATA IN TAELE T3

cMM (Pretest) STAN-Test 2, Form X (Pretest)
Source Coeff. S.E. t Coeff. S.E. t

Total 0818 .0223 3. 6TLERN® 7676 0607 12,653 %%

Hcmogeneity of adjusted variances was substantiated by the noa-
significant F-ratio shown in Table T5.
TABLE T5

ADJUSTED TREATMENT MEANS AND STANDARD ERRORS
STAN-Test 2, PORM W (POSTTEST I) GRADB 6

Adj. S.E. Adj. Adj. Var. max.
Treatment N Mean Mesn Adj. Mean Var. XdJ. Var. min.

Non-Dec 47 17.66 15.91 «539% 13.67 1.1C

Nou-Comp 53 17.58 15.9% 509k 13.75
Dec -VM sk 14.57 16.23 «5059 13.82

Dec-Reg 45 14,08 15.81  .5521  13.72

Analysis of covariance revealed that the four trestment groups had
statistically equal group mesns on the test of arithmetic reasoning
vhich wvas given immediately after the teaching period. This analysis
wes affirmed as appropriate by the testing of sssumptions underlying
the analysis of variance.
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Hypothesis 6: There are no significant differences for scores on STAN-
Test 1, Form X (Posttest II) - Computation - among
groups of sixth grade s*i.dents receiving the four treat-
ments.

The CTMM (Posttest) was administered near in time to the retention
tests, whersas the CTMM (Pretest) had heen administered about twelve
weeks earlier. There was a question as to the appropriateness of using
one or the other as covariant in the analysis of the retention test
of computation. Parallel analyses were tried, using each as one of the
three covariants. Tables 76 and 77 show the derived data for analysis
in both cases. ,

TABLE T6

ANALYSIS OF COVARIANCE: STAN-TEST 1, FORM X
(Posttest II) - COMPUTATION - COVARIANT: CTMM
(Pretest), STAN-TEST 1, FORM X (Pretest) eand
STAN-TEST 1, Form W (Posttest I) GRADE SIX

(N=199)
i

SS Due to SS About Mean F |
Source Regression Regression df Square Ratio !
Among 1542
Within TTR 4820 23 192 15.482  3.97hwex
Total 9335 6178 3157 195
Diff. for Testing
Among Adjusted
Treatment Means 185 3 61.527

The F-ratios were significant in the analysis of covariance for the
retention test of arithmetic computation when adjustments of the treat-
ment means were made using the CTMM (Pretest as in Table 76 or the
CTMM (Posttest) as in Table 77, leading to the rejection of the null
hypothesis: H,: All/u.l are equal.




TABLE T7

ANALY3IS OF COVARIANCE: STAN-TEST 1, FORM X
(Posttest II) - COMPUTATION - COVARIANT: CTWM
(Posttest), STAN-TEST 1, FORM X (Pretest and
STAN-TEST 1, FORM W (Posttest I) - GRADE SIX

(N=299)

8S Due to 8S About Mean ) 4
Source 3S Regression Regression df Square Ratio
Among 1542
Within 1792 4213 3579 192 18,642  7.962%%
Total 9935 5310 Lo2k .95
Diff. for Tv.sting
Among Adjusied
Treatment Means k45 3 148.L426

A possible argument for use of the CTMM (Posttest) rather than
CTMM (Pretest) in covariance analysis was obtained from Tables 78 and T9.

Total regression coefficients for the CTMM (Pretest) in Table 78
has a non-significant value, indicating the test contributed little

to analysis of the retention test of arithmetic computation.

The data of Table 97 shows that the covariant, STAN-Test 1-W,
Posttest I, contributes no significant value to this regression analysis.
This might mean that the intelligence test, CTMM, and the retention
test of computation ere testing the same factors.
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Effects on treatment means of both sets of covariants appear
in Tables 80 and 81.

TABLE 80

ADJUSTED TREATMENT MEANS, STANDARD ERRORS AND
ADJUSTED VARTANCES - STAN-TEST 1, FORM X
(Posttest II) - GRADE SIX

Adj. S.E. Adj. AdJ). Var. max,
Treatment N Mean Mean Adj. Mean Var. dj. Var. ain.
Non-Dec Wy  22.T% 20.33 +6104 17.51 1.17
Non -Comp 53 20.87 20.55 5446 15.72
Dec -VM sk 15.42 18.13 «5657 17.28
Dec-Reg L5 20.76 20.41 +6l04 18.46
TABLE 81

ADJUSTED TREATMENT MEANS, SPANDARD ERRORS AND
ADJUSTED VARIANCES - STAN-TEST 1, FORM X
(Posttest II) - GRADE SIX

Treatment N Mean ::Jl;l Ad? :El.ba.n 3:3-: %%:';g'{'%n_:
Non-Dec ¥ 22.Th  19.99  .5650 20.78 1.068
Non-Camp 53 20.87 19.65  .6087 19.6k

Dec -VM sk 15.43 17.83  .6137 20.34

Dec-Reg 45 20.76 22.18  .65Th 19.45




e, :

Homogeneity of adjusted variances was upheld by the non-gignificant
F-ratios as shown in the right-hand co_.mns of Tables 80 and 81.

Tables 82 and 83 1list data for the Scheffe Tests with both sets
of data to detect unequal means.

TABLE 82

SCHEFFE COMPARISONS BETWEEN ADJUSTED MEANS FOR DATA OF TABLE 78

Adj. Treatment Means 8.E.
Comparison 20.33 20.55 18.13 20.k1 Ja2 4 ofa t
(1)vs(2) 1 4 0 o 2 -22 B9 -.265 ;
(1)vs(3) 1 0 -1 0 2 2.20 2.653% |
(1)va(h) 1 0 0 -1 2 -.08 .096
(2)vs(l) 0 1 0 -1 2 ok .169
(3)vs (4) o 0 1 -1 2 -2.28 -2.T50%
@ve(l) 4 3 1 < 12 2.8 2.00 1.369
+(3)+(k) L
ill)‘vs(.?) 2 0 -1 -1 6 2,12 1.436  2.476

B o
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TABLE 83
SCHEFFE COMPARISONS BETWEEN ADJUSTED MEANS FOR DATA OF TABLE 79

Adj. Treatment Means S.EB.
Comparison 19.99 19.65 17.83 22.18 [a2 a4 ofd t
(1)vs(2) 1 -1 0 0 2 3 .93k .36k
(1)vs(3) 1 0 -l 0 2 2.16 2.313#
(1)vs(l) 1 0 0 -1 2  -2.19 -2.345#
(2)va(3) 0 1 -1 0 2 1.8 1.949
(2)vs(h) 0 1 0 -1 2 -2.53 <2.T10*
(3)vs (k) 0 0 1 2 k.35 2 659H
(2)vs(1) -1 3 -1 1 12 1.05 2.29 459
+(3)+(4)
$13v3(3) 2 0 -1 -1 6 00 1.62 002

Tables 82 and 83 disclosed the possible ranking of the four groups
to be as follows:

Group No. Treatment Table 82 Table 83
&) Dec -Reg 2 1
(2) Non -Comp 2 2.5
(1) Non -Dec 2 2.5
(3) Dec -VM L L
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The differences in the two rankings shown above are relatively
swall. One clear conclusion which mey be noted is the inferiority of
the adjusted treatment mean of the grade six Dec-VN treatment group.

Hypothesis 8: There are no significant differences for scores on
STAN-Test 2 Form X (Posttest II) - Aritlmetic Reasoning -
smong groups of sixth grade students receiving the four
treatments.

Two parallel analyses vere made for the testing of this hypothesis
in the manner of thesis 6. The retention test of arithmetic
reasoning - STAN -geet 2, Form X (Posttest II) was the dependent variable
in the following analyses of covariance. First, the CTMM (Pretest),
STAN-Test 2, Porm X (Pretest), and STAN-Test 2, Form W (Posttest I) wer:
the covariants (Table 84). For the second analysis, the CTMN (Posttes.),
STAN-Test 2, Form X (Pretest) and STAN-Test 2, Form W (Posttest I) were
the covariants (Table 85).

TASLE 8k

ANALYSIS OF COVARIANCE: STAN-TEST 2-X (Posttest II)
ARITIMETIC REASONING - COVARIANT: CTWM éPreteot),
STAN-TEST 2-X (Pretest) and STAN-TEST 2-W (Posttest I)
GRATE SIX (N»199)

SS Due to 83 About Mean F
Source 8s Regression Regression df Square Ratio
Among 883
Within 6968 5343 1645 192 8.569 b Q2T R
Total 7871 6123 1749 195
Diff. for Testing
Among AdJusted
Treatment Means 104 3 34.509
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TABLE 85

ABALYSIS OF COVARIANCE: STAN-TEST 2-X (Posttest II)
COVARIANT: CD®( (Posttest), STAN-TEST 2-X (Pretest)
FMAN-TEST 2.W (Posttest I) - GRADE SIX (N=199)

88 Due to 38 About Mean 4
Source 88 Regression Regression df Square PRatio
Among 883
Within 6968 5338 1650 12 8.59 4,953 %%
Total 7871 6093 1778 195
Diff. for Testing
Amocag Adjusted
Treatment Means 128 3 k2.573

On the basis of significant F-ratios appearing for the derived
data in Tabler 84 and 85, the null hypothesis of equal means,

S = = = 2., Va8 rejected in favor of the alteruvate hypothesis,
%:M.':}#qm.

Yon-gerc vithin-treatment and total regression coefficients are
shown in Tables 86 ar” 87.
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Eomogeneity of adjusted variances 1is domonstrated in the non-
significant F-ratios for the Hartley Max-F test, shown in the right hand
columns of Tables 88 and 89.

TABLE 88

ADJUSTED TREATMENT MEANS, STANDARD ERRORS, AND
ADJUSTED VARIANCES FOR DATA OF TARLE 84

e

Adj}. S.B. Adj. ﬁo Var. max.
Treataent ) | Mean Mean MJ& Mean Var. o V&Y. °

Non-Dec k7 19.85 18.00 4349 8.89 1.012
Dec -V sk  1k.61 16,26 Ao82 9.00

Dac-Reg k5 1518 17.24 Jh52 8.9

w. S.B. mo %o Var. max.
Trestaent | Mean Nean m. Nean Var. o V&Y. °

Non -Dec kT  19.85 18.12 4335 8.83 1.019

Non -Comp 53 17.9 16,01 4121 9.00
Dec-VM sk 1k.61 16.38 NOTT 8.98
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Data for the Scheffe Test of camparison of meeaus wvas showvn n
Tables 90 and 91.

TABILE 90
SCHEFFE COMPARISONS BETWEEN ADJUSTED MEANS FOR DATA OF TABLE 84

Adj. Treatment Means S.E.

Comparison 18,00 16.2k 16.26 17.04 Je2 d; of 4 t
(1)vs(2) 1 -1 o 0 2 1.76 61T 2.852%%
(1)vs(3) 1 0 -1 0 2 1.7k 2.800%*
Qve#) 1 0 0 2 .86 1.3%
(2)vs(3) 0 1 -1 0 2 =02 -.32k

(2)vs (k) o 1 o A 2 -9 -1.459

(3)vs() 0 ) 1 -1 2 -.88 -1.k26

(2)vs(2) -2 3 -1 -1 12 <2.72 1.511 -1.800

+(3)+(4)

(1)vs(3) 2 0 -1 -1 6 2.60 1,069 2.k324
+ (k)

——— o




TABLE 91
SCEEFFE COMPAR1SONS BEIWEEN ADJUSTED MEANS FOR DATA OF TABLE 85

w. Treataent Means S.K.
Comparison 18.12 16.01 16.38 17.s Fed 4 of a, t
(1)vs(2) 1 -1 0 0 2 2.1 618 3 hlhwnn
(1)vs(3) 1 S 0 2 174 2.815%
(1)vs(k) 1 o o <1l 2 «98 1.586
(2,vs(3) 0 1 <l 0 2 -e37 -e599
(2)vs(h) 0 1 0 -1 2 1,13 -1.828
(3)vs(l) 0 0 1 -1 2 =76 1,230
(2)ve(1) -1 3 <1 <l 12 -3.61 1.513 -2.386f
+(3)+(4)
(1)vs(3) 2 0 <1 -1 6 2.72 1.070 2.5k2%
+(k)

For the data of Tables 90 and 91 the approximate ranking for the
treatment groups is as follows for the retention test of arithmetic

reasoning:
Group Number Treatment Rank
(1) Xor:-Dec 1
(%) Dec -Reg 2
(2) Fon -Comp 3¢5
(3) Dec -VN 3.5

In addition, the following conclusions concerning treatment means
ey be made:

1) The weighted mean of the computation groups exceeds slightly
that of the non-computation group on this test.




2) The meau of the non-decimal group exceeds that of the weighted
mean score of the decimal groups.

Hypothesis 10: There are no significant differences for CIMM (Posttest II)
scores vhen groups have been matched according to CDM
(Pretest) smong sixth grade students.

The analysis of the (D (Posttest) using the CDMM (Pretest) as
covariant vas considered v oe significant in this experiment for the
following reasons:

1) Similar factors may be measured by the intelligence tests
(CT98M) and by the aritbmetic achievement tests (3tanford Arithmetic Scores).

2) The experiment itself may have influenced the scores on the
intelligence test (CTIM).

3) The intelligence test scores may provide an additionsl measure
of change resulting from the experimental treatments.

Table G2 shows the expanded sums of squares. Derived data shown
therein supplied the information for testing of the assumptions underlying
the covariance test. The partial adjusted sums of squares, S;, listed vith
their degrees of freedom in Table 93 and the tests of assumptions may be
seen in Table 9.
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TABLE 93

PARTITIONS OF VARIAXCE FOR TESTS ON ASSUMPTIONS
UNDERLYING AMALYSIS OF COVARIANCE OF CTI{ (Posttest)

S { Value dar df Interpretation
8, 9295 191 2 (ni-l)-r-(k-l) r-number of regression
coefficients

Ss 252 3 k-l k-number of treatments
n-number of scores in

S3 98 2 k-2 one treatment

sh %R 1l 1l

8y 10587 197 )3 (mi «l)-r-k-1

Test 2(b) of Table 9% disclosed that one of the assumptions was
actually not upheld by this data. The assumption violated vas that the
between-treatment regression was linear. According to Winer (i962):

If the within-class regression is lineer, and if the
covariate is not affected by the treatment, it is reasonable
to expect that the between-class regression will be linear-

(p.587)

Winer further stated that if regression is not linear, the inter-
pretation of adjusted treatment means is difficult. However, in
reference to this same matter, Dixon and Massey (1957) see no need to
employ tests 2(a), 2(b), or 2(c) if test 2 is non-significant. For
purposes of this analysis, the main requirements were cocnaidered upheld.
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TABLE 9
TESTS OM ASSUMPTIONS UNDERLYING ANALYSIS OF COVARIANCE

Description Test F-Ratio
(1) 33 + S)
k-1l
Difference in Means F—__ T «Oledy it :
1+ Sg
Z{n,-1)-r
(2) + 8o+ |
Can one regression line be used %2 83 8"
for all observations, i.e., is 2..-1) .
the overall regression linear: i
F= 8 «023 J
If significant, use (a), then i
(b) and then (c) Z(n, -1) -r-(k-1) i
|
(a) Are the slopes of regression lines 8, |
within trestment groups the same?
K-] 1.726
F= 8,
Z(ni -ﬂ -r- (k:iT j
(b) Is the between treatment S3 |
regression linear? F_
- K-2
g o
814' 32 90632
5 (ny -1)-r
(c) If slopes are the same and
regression for meeans is linear, s“L
are between treatmant regression
coefficients the ssme as within F= 1
treatment regression coefficients? 31+ 35 1.870
z(ni-lf -r
11
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The within-treatment regression coefficient, its standard error

of estimate, and its t-value are .8575, .0349, and 24.5499%** respectively.
The total regression coefficient, its standard error of estimate, and

jts t-value are .8705, .0351, and 2k.7Tk2¥**, respectively, Clearly,
the t-values show the regression coefficient to be non-zero.
Table 95 shows adjusted treatment means, standard errors, and
adjusted variances for data of Table 2.
TABLE 95

ADJUSTED TREATMENT MEANS, STANDARD ERRORS, AND
ADJUSTED VARIANCES FOR DATA OF TABLE 92

Adj. S.E. Adj. Adj. Var. max.
Treatment N dAean Mean Ad). Mean Var. A%. Var. min.

¥on-Dec k7 115.53 110.93 . 1.04 50,84 1.03;
Non-Cowp 53 116.9% 115.43 97 k9.87
Dec -VN sk 108.26 109.55 .96 49.77
Dec -Reg k5 105.786 110.8 1.07 51,52

The FP-ratio of Table 95 indicates homogeneity of adjusted variances.

Table 96 exhibits data for the Scheffe Test for comparisons of
adjusted treatment means.
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TABLE 96
SCHEFFE COMPARISONS BETWEEN ADJUSTED MEANS FOR DATA OF TABLE 92

Adj. Treatment Means S.E.
Comparison 110.93 115.43 109,55 110.82 yag 4, of & t
(1)vs(2) 1 -1 0 0 2 <450 1.48 =3 Ol 1 ¥
(1)vs(3) 1 0 -1 0 2 1.38 «932
(1)vs(l) 1 0 0 -1 2 J11 «OTh
(2)ve(3) 0 1 -1 0 2 5.88 3,973k
(2)vs(h) 0 1 0 -1 2 L.,61 3.115%
(3)vs(l4) 0 0 1 -1 2 -1.27 -.858
(2)vs(1) -1 3 ). -1 12 14,99 3.625  L,135%*
+(3)+(4)
(1)vs(3) 2 0 -1 -1 6 1.49 2.563 561
+k)

The comparison by pairs of means and the comparison of the non-
computation group with the computation group's weighted mean indicated
a highly significant dsgrec cf superiority of the Non-Comp group over
all the others. The relevance of this finding and possible meaning
in terms of this experiment are subject to the lindtations imposed by
the standard error of the test and its relevance for group mean analysis.

Hypothesis 12: There are no differences for difference scores between
the Pretest and Posttest I STAN-Test 1 scores among
groups of sixth grade students receiving the four
treataents.

Lan A%

Because the variances for the scores of the four treatment groups
proved to be homogeneous (see Appeilix H) the data could be analyzed by
means of the analysis of variance statistical test.

Table 97 shows the data for the analysis of variance of the dif-

ference scores on the STAN-Test 1 - Aritimetic Computation between the
first rendition, the Pretest, and the second rendition (Posttest I).
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TABLE 97

ANALYSIS OF VARIANCE - ARITHMETIC COMPUTATION
DIFFERENCE SCORES - STAN-TEST 1 (Posttest I -
Pretest) - GRADE SIX (N<199)

Source 88 aft Mean Square F-Ratio
Asmong 628 3 209.22 11,0l 5
Within 3693 195 18.94

Total 4321

Scheffe comparisons are shown in Table 98.
TABLE 98
SCHEFFE COMPARISONS BETWEEN nn'i\ns FOR DATA OF TABLE 97

Comparison -.%gr ea..;:;ntlms bkl yaf 4y i:EE:li t
(1)ve(2) 1 -1 0 0 ° 2 <917 <870 -1.123
(1)va(3) 1 0 -l 0 2 -l.542 868  -1.776
(1)vs (k) 1 0 0 -l 2 912 «907 =5 416
(2)vs(3) 0 1 -1 0 2 =565  Ouk -.669
(2)vs(k) 0 1 0 -1 2 <3.935  .88L i b7
(3)va(h) 0 0 1 -1 2 -3.370 879  -3.83uwwx
(2)vs(1) 3 -1 1 12 -3.523 2.1 -1.670
+(3)+(k)

9(.‘)53(3) 2 0 -1 1 6 654 1.53 b 218

11k




An exsmination of Table 98 indicates that the mean of the diffcrence
scores of treatment Dec-Reg far exceeded those ox the other three groups.
Furthermore, the difference scores of ibe other three traatment groups
are statistically equal.

Hypothesis 14, There are no differences for difference scores between
the Pretest and Posttest 1 STAN-Test 2 amoug groups of
sixth grade students receiviag the four treatments.

Data for the analysis of variance of the difference scores on the
aritlmetic reasoning test, STAN-Test 2, between the Pretest and the
Daattept 1 are shown in Table 99.

TABIE &
ABALYSIS OF VARIANCE - ARTTHMETIC REASONING

DIFFERENCE SCORE> - STAN-TEST 2 (Posttest I -
Pretest) - GRADE SIX (N=199)

Source 83 ar Mean Squere F-Ratio
Among 27 3 9.022 Ol
Within 2746 195 14.085

Total 2713 198

The non-significant F-ratio of Table 99 indicated that the mull
hypothesis of equal trestment means wvas not rejected.

HRypothesis 16: There are no significant differences for difference scores
between the Posttest I and Posttest II STAN-Test 1 scores

among the sixth grade students receiving the four treat-
mentsa.

The sums of squares data is exhibited in Table 100 for the analysis
of variance for the arithmetic computation test of score differences
between the second rendition, Posttest I, and the third rendition,
Posttest II, of the STAK-Test 1.
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TABLE 100

ANALYSIS OF VARIANCZ - ARITHMETIC COMPUTATION
DIFFERENCE SCORRS . JMAN-TEST 1 (Fosttest II -
Posttest I) - GRADE SIX (N=199)

Source 88 ar Mean Square FP-Ratio "
Among 250 3 83.52 Iy ,230%9%

Within 3851 195 19.Tk

Total 4101 198

The significant F-ratio of Table 100 indicates rejection of the
null hypothesis of equal treatment means and therefore Scheffe comparisons
of means vere made. The data for these comparisoms is shown in Table 101.

TABLE 101
SCHEFFE COMPARISOMS BETWEEN MEANS FOR DATA OF TMBLE 100

Treatment Means 2 S.E.
Comparison 2.8085 2.8302 .5741 .57:8 Jef 4  of d, t
(1 )“ (2 ) 1l -1l 0 4] 2 -e0217 ® 937 '0023
(1)vs(3) 1 -1 0 0 2 2.23k 2.304f
(1)vs(l) 1 0 0 <1 2 2.2307 2.380¢
(2)vs(3)- o 1 -1 0 2 2.2561 2.ko2f
(2)vs(h) ) 1 4] -1 2  2.252% 2,403
(3)"(“.‘? 0 0 1l N 2 -.m37 -.(X)h
(2)vs(2 <1 3 <1 <1 12 k.,5302 2.295 1.97%
+(3)+ (b
(1)vs(3) 2 0 <1 -1 6 k651 1.623 2.7514
+(k)




The Scheffe comparisons of Tv.cie 101 indicate an approximate
ranking as follows:

Group Number Treataent Baok
(1) Non-Dec 1.5
(2) Non -Comp 1.5
(3) Dec -VM 3¢5
(%) Dec -Reg 3.5

The level of significance on which the above ranking was based is
only .25. As explained in Appendix I, the probability that all comperisons
are true is at least .75.

Bypoihesis 18: There are no significant differences for difference scores
between tbe Posttest I and Posttest II STAN-Test 2 scores
among the sizth grade students receiving the four treat-
ments.

Accordingly, Table 102 exhibits the sums of squares, mean squares,
and F-ratio for the difference scores of the second (Posttest I) and third
rendition (Posttest II) of the test of aritimetic reasoning, STAN-Test 2.

Analysis of variance was used although the Hartley Maximum-F Test
of cneity of variance showed the F-ratio to exceed slightly acceptable
limits (Appendix E). Winer's (1962) assertion of the robustness of the
test with respect to smaller. deviations from the underlying assumptions
led the researcher to carry through analysis of variance.

The relatively small F.ratio of Tuble 102 iadicated that the
treatment means are not very different in value. Data for Scheffe
comparisons are shown in Table 103.
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TABLE 102

ANALYSIS OF VARIANCE - ARITHMETIC REASONINC
DIFFERENCE SCORES - STAN-TEST 2 (Posttest II -
Posttest 1) - GRADE SIX (N=199)

\

Source SS df Mean Square F-Rstio
Among 136 3 45.50 3.196%*
Within 2777 195 14.23
Total 2913 198

TABLE 103

SCHEFFE COMPARISONS BETWEEN MEANS FOR DATA OF TABLE 102

Treatment Mezns 2 S.E.
Comparison 2.1915 .3585 .0370 1.1333 7ai d 4 of d; t
(1)vs(2) 1 -1 0 0 2 1.8330 .795 2.306#
(1)vs(3) 1 0 -1 0 2 2.1545 2,710*
(1)vs(4) 1 0 0 -1 2 1.0582 1.331
(2)vs(3) 0 1 -1 0 2 .3215 404
(2)vs(4) 0 1 c -1 2 -.7748 -.97%
(3)vs(4) 0 0 1 -1 2 -1.0963 -1.379
(2)vs(1) -1 3 -1 -1 12 -2.2863 1.%47 -1.174
#(3)+(4)
(1)vs(3) 2 0 -1 -1 6 3.2127 1.317 2.333#
+(4)
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Examinaticn of Table 103 reveals relatively small differences among
the treatment means of these difference scores. The approximate ranking
is as follows:

Group Number Treatment Rank _
(1) Non-Dec 1
(4) Dec=-Reg 2
(2) Non-Comp 3.5
(3) Dec-VM 3.5

-

Hypothesis 20: There are no significant differences for scores on the
sub-portion of STAN -Test 2 directly testing the concept
of place value and numeration among sixth grade students
receiving the four treatments. '

In the test of arithmetic reasoning, STAN-Test 2, eight questions
were selected for their relevance to the topic of place value and
numeration. These questions formed a test referred to as the Plsce
Value Subtest. Matching of the questions on the two test forms was
exemplified by a sample question shown in Appendix J.

Eecause each child's responses to these questions were listed on
hiz IBM data card, the reliabilities for this test could be computed.
Both the Kuder-Richardson index of reliability and Spearman-Brown index
are listed for each rendition of the Place Value Subtest in Table 8.

Tables 104, 105, and 106 show data for analyses of variance for the i
Place Value Subtests: Pretest, Posttest 1. and Posttest II, respectively.

TABLE 104

ANALYSIS OF VARIANCE - PLACE VALUE SUBTE.: (Pretest)
GRADE SIX (N=199)

Scurce 58 af Mean Square F-Ratio
Among 16 3 5.432 1.962
within 540 19< 2.769

Totsl <56 198
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TABLE 105 -

-

ANALYSIS OF VARIANCE - PLACE VALUE SUBTEST (Posttest I)
ruADE SIX (N=199)

Source SS df Mean Square F-Ratio
Among 12 3 7 4.097 1.036
Within 771 195 3.955
Total 783 198

TABLL 106

ANALYSIS OF VARIANCE - PLACE VALUE SUBTEST (Posttest 'I)
GRZDE SIX (N=199)

iource Ss df Mean Square F-ratio
Among 11 3 3.917 1.143
Within 668 195 3.427

Total 679 198

The non-significant F-ratios of Tables 104, 105, and 106 indicate
non-rejection of the hypothesis of equal treatment means. There were
no observable differences ¢n these unad justed means of scores on the
Place Value Subtest given to sixth grade students.

Hypothesis 22: There are no significant correlations for sixth grade
scudents separated according to sex and treatment among
scores for intelligence, teacher judgment of arithmetic
and reading ability, arithmetic computation, arithmetic
reasoning, non-decimal numeration, and geometry.
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Intercorrelations of scores and other data for sixth grade boys
are shown in the lower left and for sixth grade girls in the upper right
portions of Table 107. For almost all pairs of variables, the null
hypothesis of no significant correlations, ao:/°1j'q’"’° rejected.

Twenty-one of the 35 correlations shown for boys, were significant
to the .0l level. Seventeen of the 35 correlations shown for girls were
significant to the .0l level. Correlations for four pairs of variables
did not match as %o significance for the groups of sixth grade boys and
sixth grade girls.

The four pairs of variables which did not match as to significance
were further examined. For the difference between any two correlations
to be significant to . he .05 level for these two groups, its value must
be approximately .17. Only one peir of variables showed correlations
which differed by that amount for boys and girls, (11) and (28),

Readirg Estimate and Place Value (Posttest I). The analysis of Table 107
leads to the conclusion that correlations for sixth grade boys and girls
are remarkably similar.

_ Table 107 reveals also that the place value posttest showed many
more significant correlations with standardized tests of intelligence
and arithmetic than did the non-decimal posttest or the geometry posttest.
The geometry test showed no significant correlation with intelligence
scores. The non-decimal test correlated only with the arithmetic com-
putation. Except for this correlation, one may conclude that the non-
decimal test and the geometry test were independent of standardized
test scores. This suggests that in this sample, the successful learners
of these two new topics were not the same children who were successful
on more usual subjects. Theve two new topics may have provided success
experiences for students of thLis sample not usually successful in routine
topics of arithmetic.

Table 108 displays 27 correlations (of which 0 are significant
to the .01 level) for the Noan-Dec treatment group. Also shown are 27
correlations for the Non-Coanp group of whicl: 20 are significant.

Teble 109 shows 21 correlations for the Dec-VM group, 15 of which
are significant. Of the 21 Dec-Reg group correlations, 16 are signifi-
cant to the .01 level.

The standardized tests and the teacher estimates shcw very high
intercorreslations with each other. The non-decimal test shows high
correlations with standardized tests but not with teachers' reading and
arithmetic estimates. The geometry test correlates with both teacher
estimates and standardized test scores. The similar!ty of intercor-
relations for all four treatment groups is very great.
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The degree of relationship indicated by the correlation coefficients
for Tables 107, 108, and 109, according to Ferguson (1959), is as indicated

below:
Lower Boundary of Lower Boundary of
Table Correlation Coefficient Percent of Relationship
107 .222 4.9
.263 6.9
108 .307 9.4
.350 12.3
109 .34 12.0
75 14.1

These figures indicste the sirength of certain relationships. No
claims are viade concerning causation. Ail percents are derived from
correlation coefficients significant to the .0l level.

Hypothesis 24: There are no differences among sixth grade students'
scores on the Non-Decimal Test (Posttest 1) and the
Non-Decimal Test {Fosttest II).

Table 110 shows data which was used in the comparison of the scores
on the twe non-decimal tests by the Wilcoxon Matched-Pairs Signed-Rank
Test.

The null hypothesis for this one-tailed analysis was as follows:

Hg: The scores of sixth grade students on the retention test
of non-decimal systems are pot significantly lower than scores on the
first posttest.

The Wilcoxon Test examines whether the sum of the positive ranks
is less than the sum of the negative ranks.

The lesser sum of the iike ranks in this case would have had to
be less than 271 for significance at the .05 level (N=39 non-zero
differences).

The decision in this case waz not to reject the null hypothesis.

Sixth grade studeni perf{ormance -m the retention test of non-decimal
numeration could be considered ¢qual to that on the first posttest.
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TABLE 110

ZLCOXON MATCHED PAIRS SIGNCD RANK TEST - NON-
- DECIMAL TEST (Posttest I and Posttest II)
GRADE SIX (N=47:

.

_ Rank of Rank of
Score Negative : Positive
Differences Difference Difference

-2 14

-1 4.5 -

- § 32.5

~ & 25 .
+1 4.5
+ 2 14
.+ 8" 29

- 7 33

- 2 14

+'8 38
+1 4.5
- 2 14

-7 36

~1 4.5

-3 21

+ 1 4.5
+ 4 25
- 4 25

-13 39

-3 21

-7 36

+ 1 %e5
- 2 14

- 2 14

+ 3 21
-2 14

+ 6 32.58
+ 1 4.5
+ 2 14

- § 32.5

+ 4 25

+ 2 14
-5 29 *
-5 29

+ 2 14
+ 4 25
-1 4.5

+ 2 14
+ 6 32.5
* 459.5 320.5
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CHAPTER V

COMPARISONS AMONG GRADES FOUR AND SIX

This chapter presents discussions of two hypotheses which will
provide answers to two questions listed earlier. These questions are:

Will there be differences in test score intercorrelations among
groups separated according to race and degree of advantage?

Which grade level will be more successful in learning non-decimal
systems of numeration, grade four or grade six?

Hypothesis 25. There are no significant correlations for fourth and
and sixth grade students separated according to race and level of
advaucage among scores for intelligeace, teacher judgment of arithmetic
and reading ability, arithmetic computation, arithmetic reasoning, non-
decimal numeration, and intuitive geometry.

Table 111 shows intercorrelations of students separated according
to membership in either Black or White race, as reported by classroom
teachers.

Fifty-nine correlations are reported for Blzck students, 29 of
which are significant to the .01l level. For the group of white students,
43 of the 59 correlations are significant to the .01 level

T e




w

,,,,,,

[ ]
xjpueddy uy se pesxsqunN °¢

*T9A®T TO° OY3I 3¢ JUEDTFTubys 8q O3 €T° Tenbs Isnw I ‘LGE=N U®P YITM °7
*TIPAST T0° 9Y3I 3I® JIULDJZTUST® €q O3 0¢° Tenbe Isnu X ‘TL=N U® YITM °T

st 60 00 9 Ir 68 9 e ST (I '3893380d) ontes ®Ov1d(8Z)
60 Ltz €t TS Oy LE O 8T €F (1 3se33sod) Aa3suwoed(9Z)
8T st ot T0- SO 60 (T- TT 80 (IT 38933804) TPWFORQ-UON(SZ)
LT~ 20 00 TO0O 00 €0 00 00 00 (2 3893380d) TPWTOA-UON(PT)
— B o)y - I
»T €z 8l 09 S ©6S 68 ¥Fr 6T (I 3893380J) SN YITYV ULIS(TZ)
S 60- 61 LT 19 iy SS Sy 26 €¢ (I 38933804) *dwODYITIV ULIS(0Z)
MR ST 7T 0C 8% 8% 65 0t 035 ot (3893024) * S¥OY *YITIV " UNIS (6T)
Is S0 ¢z ST 09 19 9 tz 1t 6t (3893923) *dWOD*YIFIY° ULIS(B8T)
¥S 90 9Z TT €9 9y 8BS ©8Y e ©9 Tt (388393d) WWID(9T)
TV 00 (T 60 @8Y VYY Sy Ty 8Y 19 ot~ (31) ®3IwwFI®T °YITIV(ZT)
% ot T <IT € ©0s G ¥ € S9 35 (23) ®3vupasa °BpY(TT)
IT S0- S0 T0 OT 90 TZ €T 90- 60- €0 o5y (§)
OTqRTI®A

Tsz) (92) (sz) (vZ) (t2) (0Z) (6T) (8T) (9T) (ZT) (TT) (6)

£

menlz ALIHM

RILL AOV'IE

XIS GNVY ¥00d S3IAVYD JO SINIANLS IO STYO0OS J0 SNOILVIRNIOOUILNI

TIT ITEVL

P
—— pa e —-—

128




i e

Many of the apparent differences in the level of significance
between the two groups displayed in Table 111 occur with the variables
(24) and (25) in correlation with the other variables. Because of the
small number of Black students in the Non-Dec group, the correlation
could not be reliably compared with correlations for the White students.

There are two pairs o’ correlations which were examined for sig-
nificance of differencc. The first pair involves the variables (12) and
(18), arithmetic estimate and arithmetic computation. The second pair
involves the variables (16) and (2€), intelligence and geometry. In
order for the difference between the cocrelations £or these two groups
to be significant tc the .05 lzvel, the correlaticn coefficients would
have to differ by approximately .25. For the fi st pair the difference
is not significant. The co:relations of the seccnd pair of variables
differ significancly.

The interpretation of the significant difference for Black and
White students on the correlation between intelligence and geometry may
be of interest for planners of curriculum. For White students, the
intelligence and geometry scores showed no significant correlationm.
For Black students, geometry scores and intelligence showed a highly
significant corrzlation.
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for each group, 34 are significant to the .01 level for the Advantaged
group, 18 for the Disadvantaged group, and 41 for the Normal group.

Seventeen pairs of variables were tested for significant differences
among the three pairings of advantage levels. The significant differences
in correlation coefficients whicn resulted are shown in Table 114.

TABLE 114

SIGNIFICANT DIFFERENCES IN CORRELATION COEFFICIENTS
(.05 level)

Tsbles 112 and 113 display intercorrelations for students classified
by their teachers as Advantaged, Disadvantaged, and Normal regarding
educational opportunity. Of the 59 correlation coefficients displayed

Variable Adv.-Disadv. Disadv.-Normal Adv.-Normal
Pair

(11) (24) Signif. Non-Signif. Signif.

(11) (25) Signif. Signif. Non-Signif.

(12) (19) Non-Signif. Non-Signif. Signif.

(12) (24) Signif. Non-Signif. Signif.

(12) (25) Signif. Signif. Signif.

(16) (19) Non-Signif. Non-Signif. Non-Signif. i
(16) (26) Non-Signif. Non-Signif. Signif.

{(19) (25) Signif. Y%on-Signif. Non-Signif.

Five ¢f the eight variable pairs of Table 114 evidenced significant
differenczs between the groups classified as Advantaged and as Normal.
Two siznificant differences were observed between the Disadvantaged and
Normal groups. Five significant differences characterized the differences
between the Advantaged and Disadvantaged groups.

Porsistent differences among the correlations occur involving 1
ac! chmetic estimate and arithmetic reasoning, intelligence and arithmetic i
rr.asoning, and intelligence and geometry.

The differences among students separated according to advantage
level are far more numerous than those observed for groups distinguished
by sex, treatment, or race. Attempts at explanation of these differences
may prove to be fruitful areas for research.
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Hypothesis 26. There are no differences among distcibution of scores
on the Non-Decimsl Test (Posttest I and Posttest II) between the fourth

and sixth grades.

The Kolmogorov-Smirnov Two-Sample Test was used to ascertain
whether two independent samples have been drawn from the same population
or populations having the same distributiom. (See Appendix G)

Since the non-decimal test was administered twice, once cs a post-
test following the teaching c¢f the unit and once as 2 retention test,
the Kolmogorov-Smirnov Test wcs applied twice to the partinent deta.

In this respect, Siegel (1956) states:

The one-tailed test is used to decide whether or not
the values of the population from which one of the
samples was drawn are stochastically larger than the
values of the population from which the other sample
was drawn. (p.127)

Tables 115 and 116 display data used for the analysis of Non-
Decimal Test (Posttest I) and Non-Decimal Test (Posttest 11) respectively.

The null hypothesis in both cases was H: the fourth grade scores
on the Non-Decimal test were as high as those of the sixth grade.

The null hypothesis in both cases was rejected in favor of the
aiternate hypothesis because of the highly significant computed Chi-
Square value. The sixth grade sample must have been drawn from a
population of higher score distribution than that from which the fourth
grade sample was drawn. On both non-decimal tests therefore the sixth
grade students as a group surpassed the fourth grade students.
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TABLE 115

KOLMOGOROV-SMIRNOV TWO-SAMPLE TEST FOR NON-DECIMAL TEST
(POSTTEST I)

P A e S

Score Interval Grade Four Grade Six Difference
S43 (X) S47 (X) 543(X)~-S47 (X)
40--41 1.0000 1.0000 0
38-39 .9070 9787 -.0717
36-37 .8605 .8298 .0307
34-35 .8140 « 5957 .2183
32-33 7442 5319 .2123
30-31 .6744 .4894 .1850
28-29 .6744 .4468 2276
26-27 .6512 3404 .3108
24-25 .6279 2979 «3300*
22-23 .5814 _ 2766 .3048
20-21 .4884 .2340 .2544
18-19 .4615 1915 2736
16-17 .4186 .1064 3122
14-15 .3488 .0638 .2850
12-13 2791 .0638 .2153
10-11 .2093 .0426 «1667
8-9 .1628 .0426 .1202
6-7 .0465 0 .0465
4-5 .0232 0 .0232
2-3 0 0 0
0-1 0 0 0
2

X~ for this max D, using the formula:

7(:4])‘ m. is 29.6413 .

M, T w,
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TABLE 116

KOLMOGOROV-SMIRNOV TWO-SAMPLE TEST FOR NON-DECIMAL TEST
(POSTTEST 1I)

Score Interval Grade Four Grade Six Dif ference
S43 X) S47 (X) S43(X)-S47 (X)
40-41 1.0000 1.0000 0
38-29 .9302 .9787 -.0485
36-37 .8605 .8085 .0520
34-35 « 7907 .6809 .1098
32-33 .7674 «5532 2142
30-31 6977 .4894 .2083
28-29 5581 .4255 .1326
26-27 .5349 3617 1732
24-25 .4884 «2979 .1905
22-23 .4186 «2553 .1603
20-21 «3953 .1489 .2464
18-19 .3721 .0811 «2910%*
16~-17 .3023 .0426 .2597
14-15 .2558 .0426 2132
12-13 .1628 .0213 .1415
10-11 1163 .0213 .0950
8-9 1163 .0213 .0950
6-7 .0930 0 .0930
4-5 .0232 y .0232
2-3 .0232 0 .0232
0-1 0 0 0

*‘X? for this max D, using the formula:

KT wDT L P 4 26.1382 .
M1+Ml-
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CHAPTER VI
SUMMARY AND CONCLUSIONS

Summar

Four treatments in mathematics {nstruction were used with fourth
and sixth grade students to evaluate . he teaching of non-decimal systems
of numeration in the elementary school.

Three testing periods allowed for administration of pretests,
posttests, and retention tests of arithmetic computation, arithmetic
reasoning, geometry, non-decimal numeration, and intellizence quotizat.
Each participating teacher supplied the following informatior Ior each
student: age, sex, race, estimate of educational advan:age, and estimate
of reading and arithmeti- levels.

The sample cons’sted of 430 students from eighteen classrooms.
Nine grade four and nine grade six classes participated. Selectior of
these classes had been done on a random basis. Attempts were made to
minimize teacher differences and mathematics background with a series
of workshops and seminars held before and during the teaching prriod.

Data was analyzed statistically by testing twenty-six hypotheses:
twelve each for fourth and sixth grade and two for comparisons involving
both grade levels.

Results of testing these hypotheses allowed for discussion of the
nine questions listed earlier ir this study.

Ccanclusions

(”w -

Effects of Four Treatments on Criterion Measures

Question One

Will the learning of non-decimal systems of numeration have any
effect on scores of tests of computation and arithmetic reasoning given
immediately after the teaching period and on thos~ giver several weeks
later?

Posttest Computation Scores. There was no significant differeace
in posttest scores for any treatment group in either grade four or grade
six. All treatment groups scored higher on the posttest of arithmetic
computation than they had scored on the pretest. Grade six non-decimal
group scores were slightly lower than scores attained by the other
treatment groups. Lower posttest scores were also achieved by the non-
computation groups in grades four and six.
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Posttest scores of arithmetic computation were also analyzed with
covariates of intelligence quotients and arithmetic computation pretest
scores. Mean score increase for the non-decimal group of grade four was
equal to that of the enriched decimal grcup. The regular decimal group,
however, had scored the greatest gains. Grade six scores for the non-
decimal group ranked last.

Score differences were studied separately by analysis of variance.
Fourch grade non-decimal group was next to the last rank. The sixth
grade non-decimal group scored last.

Scores on the posttest Stanford Achievement Computation Test
achieved by both grade four and grade six non-decimal groups were not -
outstanding. Posttest group means were only slightly better than those
achieved by the groups no: s~udying any form of numerical computation.
The study of non-decimal systems of numeration did not result in any
significant mean score improvement in either grade four or grade six.

Posttest Arithmetic Reasoning Scores. The scores on the posttest
of arithmetic rcasoning were generally higher for all treatmert groups.
There were no significant differences among posttest means for all
treatnents at both grade levels.

Retention Test of Computation. Analyses of covariance were used
on scores of the arithmetic computation retention test. There were no
significant differences among the fourth grade treatment means. Those
differences which had existed on the posttest mean scores were no longer
present. An~.ysis of the difference scores showed that groups which had
scored lowest on the posttest made the greatest gains following the
experimental teaching period.

Analysis of the sixth grade retention test of arithmetic computation
produced a different result. The mean of the group studving the regular
decimal system program was significantly higher than the others. The
enriched decimal group mean was the lowest of all four groups, suggesting
that unfamiliar visual methods used for these students resulted in a
minimal gain on the test of arithm:zic computation.

Study of non-lecimal systems did not advance significantly the ;1
computation scores of sixth grade students. :

Retention Test of Arithmetic Reasoning. The mean ci oot the
fourth and sixth grade treatment groups which studied non-decimal systems
of numeration were the highest of all four treatment groups. This
delayed positive transfer effect on the test of arithmetic reasoning
was sucportive of the beliefs of educators such as Rahmlow, 1965;

Dutton, 1961; and Banks, 1961.
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Effects on CTMM Scores. Some educators have stated that intel-
ligence tests resemble achievement tests (Davis, 1960). An examination
of the California Test of Mental Maturity revealed that twu of its
seven subtests were tests of arithmeti: computation and problem solving.
Other subtests included questions b *ed on perception of geometric
figures and knowledge of some quantitative relationships. Therefore,
analysis was made of the second rendition of the CTMH using the first
rendition, the pretest, as covariate.

Fourth grade results showed that all groups had equal means except
the enrjched decimal group. This mean was significantly lower than the
other three.

Sixth grade results indicated that the non-computational group
(intuitive geometry) mean was higher than those of the other three groups.
Non-decimal treatment scores did not affect CTMM results of either grade.

Question Two

Will the teaching of a non-numerical topic such as intuitive
geometry affect scores on standardized tests of arithmetic achievement
and reasoning?

The non-computational group of grade four suffered temporary
losses on the standardized tests. These losses apparently were mede up
during the seven weeks between the pist- and retention tests.

On the posttest and retention test following the teaching period,

the non-computation treatment group of grade six scored as well as the
non-decimal group. No significant changes were noted.

Question Three

Will the enriching of the regular arithmetic program with visual
dzvices and nontextual materials affect scores on standardized tests
vf arithmetic computation and reasoning?

The enrich22 decimal program was not effective for either the
fourth o~ sixth grade students. Arithmetic achievement test scores were
significantly lower on the posttest for both fourth and sixth grades.

B T




Question Four

Will the teaching of the usual arithmetic program of decimal
numeration affect scores on standardized tests of arithmetic achievement
and reasoning?

The regular decimal treatment mean was highest on the posttest

and retention test of arithmetic reasoning. According to these criteria,
this treatment was the most successful for both fourth and sixth grades

Effects of Study of Non-Decimal Systems

Question Five

Will the students who learned non-decimal systems of numeration
retain this ability over a period of time?

Pretest and retention test scores of the non-decimal test were
analyzed separately for each grade by the Wilcoxon Matched-Pair Signed-
Rank Test. The fourth grade retention test scores were lower than the
posttest scores, indicating a loss of this specialized knowledge during
the weeks following the teaching of the unit.

Retention test scores for sixth grade students were almost equal
to the posttest scores.

Briefly, fourth graders did not retain their ability to compute

in non-decimal numeration. Sixth graders did retain th’s ability as
measured by the test of non-decimal systems of numeratin.

Question Six

Will the learning of non-decimal systems have any effect on the
scores of that portion of the arithmetic reasoning test containing
questions on place value and numeration?

The fourth grade non-decimal treatment group mear on the Place
Value Subtest was tied for second place with the non-computational group
on all three tests (pretest, posttest, and retention test). No differ-
ences were noted among any of the four grade six treatment groups on
scores of any of the three renditions of the Place Value Subtest (pretest,
posttest, and retention test).

The learning of non-decimal systems of numeration did not add or

detract from students' ability to answer questions concerning place
value and numeration in the decimal system.
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Question Seven

Will significant positive correlations result on scores on the
non-decimal test and scores on the arithmetic computation and reasoning
tests? Were the same students successful on both tests?

Analysis of correlations among these test scores reveals that for
both fourth =nd sixth grade samples, the same students were successful
on the arithmetic computation and reasoning pretests and on the non-
decimal test immediately following the teaching period.

Examination of the correlations for grade four boys and girls
discloses that when arithmetic computation is correlated with non-
decimal test, the coefficients are not significant for boys or girls.
The correlation for boys however, was fiarly close to the .0l level
used in this study.

Further inspection of separate correlation tables for sixth grade
boys and girls reveals that the arithmetic reasoning and non-decimal
test correlacion coefficient for the girls failed by a small amount
to be significant to the .01 level.

Generally, the szie students were successful on the standardized
arithmetic computation and reasoning tests and on the non-decimal test.

Question Eight

Which grade level will be more successful in learning non-decimal
systems of numeration, grade four or grade six?

Results of the posttest and retention tests were analyzed by the
Kolmogorov-Smirnov Two-Sample Test. The analysis showed that on both
tests the grade six sample distribution was higher than that of the
grade four sample.

Many questions on the tests for the two grade levels were identicul.

Additional questions were prepared for grade four and grade six. Test
questions for each gv~Je vere item analyzed. Fourth grade student
retention iegt scores were generally lower than their posttest sco’es.
Scores for the sixth graders on both tests were not significantly

di ffcrent.

Sixth grade students of this study were zenerally more successful

in learning and retaining their knowledge of non-decimal systems of
numeration than were fourth grade students.
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groups separated according to:

a. treatment group
b. sex

c. race
d. degree of advantage?

Treatment Group

The grade four Dec-VM group, which had the lowest pretest mean
of intelligence, displayed differences among intercorrelations from those
of the other three groups. Standardized scores for this portion of the
fourth grade sample might be described as erratic and unreliable. The
{intercorrelations therefore would not follow patterns found in analyses

of the other three groups.

The intercorrelations for the grade six treatment groups were
very similar. Differences among them were not significant.

Sex

Intercorrelations among scores of fourth grade boys and girls were
very simiiar.

Scores or girls in the sixth grade differed slightly from those
of the boys in that grade . For both groups, however, geometry scores
were independent of staudardized test and intelligence test scores.

Race

significant differences among intercorrelations of students
separatad according to race were few in number. These differences
generally involved teacher estimates of reading, teacher estimates of
arithmetic abiiity, and geometry scores.

Intercorrelation Among Groups
Question Nine
Will there be differences in test score intercorrelations among
|

Degree of Advantage

When students were separated into groups according to teacher
estimate of educational advantage, a number of differences were observed.
Many differences occurred between the Advantaged and Normal groups.
These differences usually involved correlation with teachex estimates of
reading and arithmetic. The arithmetic reasoning test showed a much
higher correlation with teachers' estimate of arithmetic for the Advan-
taged group than it did for the Normal group. For the Advantaged group,

1
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the geometry and intelligence test scores showed positive correlation,
for the Normal group uone. For the Advantaged group, teachers' arithmetic

estimates showed positive correlation with scores on the non-decimal tests.

The teachers' e timates of arithmetic ability were inderendent of scores
on the non-decimal tests for the Normal group.

Normal and Disadvantaged group correlations evidenced two signifi-
cant differences. Both of these involved scores on the non-decimal
retention test. The Normal group evidenced significant correlations
between reading estimate and non-decimal test and no correlation between
arithmetic estimate and non-decimal test. The Disadvantaged group showed
negative correlations for both pairs of variables of significantly lower
magnitude than the correlation coefficients for the Normal group.

Teacher judgments were the direct opposite of students' performance
on the non-decimal test criterion for the Disadvantaged group.

Most differences between the Advantaged and Disadvantaged groups
on intercorrelations involved teacher estimates which generally showed
much higher correlations with standardized test scores for the Advantaged
than for the Disadvantaged group.

Summary of Intercorrelation Analysis

Differences in in_ercorrelation because of race and treatment were
negligible. Differences because of sex were slight. Differences related
to educational advantage were numerous and involved all pairings of the
three designations of levels of advantage.

Transfer Analysis

This report described an experiment in the tesching of non=d=¢imal
numeraiicn and -:s eifect upon decimal computation. Certain conditicus
associated with positive transfer effect were designed into the experi-
ment. These were:

1. A substantial period of time was devoted to the exclusive
teaching of the assigned mathematics program. Comparison with other
studies testing similar hypotheses indicated that the instructional
period of this study (5-6 weeks of at least ome hour a day) surpassed
the instructional time allotted by Lerch, 1963; McCormick, 1965;
Schlinsog, 1965; and Jackson, 1965. All of these researchers recommended
a more extended tim: period of instruction in the topic.
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2. Use of materials and methods appropriate for esch teacher was
accomplished with the assistance of the investigator. There was no
indication in other studies 72aling with non-decimal systems in which
teacher workshops had been utilized. Jackson (1965) supplied teachers
vith a teacher's manual after two meetings with them. Teacher familiarity
vith classroom materials is recognized as an important aspect of teaching.
Investigator-prepared worksheets and units are important for instructional
purposes, but teacher-developed materials, as in this study, may have
more impact.

3. Cooperating teachers maintained a favorable attitude through-
out the study. £ach teacher completed his assigmment without any
pressure or anxiety. An amicable relationship between the investigator

and cooperating teachers was maintained throughout.

4. The four treatments carried out in this study were the only
mathematics topics taught during the experimental period.

Statistical analysis of scores on pretest, posttest, and retention
tests of arithmetic computation and reasoning suggested certain conclusions
concerning the transfer value of the study of non-decimal systems.

Normal score rise as e wsult of students' maturational growth as well

as increasing familiar .ty with a given test may be expected with subsequent
administrations of the same test. Covariance analysis of the posttest

and retention tests of arithmetic computation and reasoning, however,
disclosed a significantly higher retention test score on the test of
arithmetic reasoring for both grade levels of students in the Non-Dec

group.

This positive trazsfer effect may have resulted from the teachers’®
attantion to methcds favoring such transfer. Some principles known to
favor certain types of positive transfer and vhich may be operating
here are the following:

1. Emphasis on meaningfulness. Principles of base and Place were
stressed throughout the teaching period. A variety of student zctivities
was available for illustration of each concept.

o, Differentiation of stimuli. This was esteblished by tzachers'
constant use of subscript notation as in 1°1five to mean 101 base five

and not base ten.

3. Pogitive attitude of the tcachers. This attitude appeared to
be the result of teachers® voluntary participation in teacher workshops.
School administrators encouraged teacher efforts and evidenced complete

cooperation with this investigator.
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4. Positive attitude of students. Interest in the new topic was
high. 3uccess experiences had been planned by teachers with emphasis on
practice and participation.

Implications for the Curriculum of the Elementary School

The carefully-nlanned-for inclusion of this topic into the ele-
mentary school curriculum is recoumended. Rote learning methods which
do not stress meaning and place value are to be discouraged. Mere
imitation of current trends should also be avoided. If retention of
learning is one objective in teaching non-decimal systems, the topic
should be postponed until the upper elementary grades.

Recommendations for future research therefore will consider the
importance of this topic to the elementary school curriculum. Three
areas are suggested: grade-placement of the topic, methods of teaching,
and the long-range effects involved with learning of non-decimal systems.

Some recent programs have demonstrated that it is possible to tesch
base generalization at the primary level before grade three and follow
this by specialization in base ten. Clarification of this issue through
research is possibly more important than deciding whether to teach the
topic in grade five or six.

Further research in methods of teaching non-decimal numeration
should explore a variety of ways to present numerals and number names
vhich act as stimuli for arithmetic operations.

For instance, is it better to use students' own nonsense syllables,
such as "mic, mac, moe" for "one, two, three"” in their creation of new
numeration systems?

Similarly, should new symbols be invented such as "¥, #, &" for
"one, two, three?” -

Further study of the effectiveness of developing story lines in
teaching non-decimal systems is needed as well.

The teaching of non-decimal systems of numeration, using readily

available textbooks for the upper elementary grades, should be undertaken

only if affirmative answers may be given the following questions:

1. Do teachers know the content wcll?

2. Are teachers knowledgeable about and willing to use materials
and methods to supplement and enhance those suggested by students’
textbooks?

3. Are teachers able to devote adequate time to the topic?

LT
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4. Are teachers aware of those topics which when taught simul-
taneously might interfere with the desired learning?

5. Will the teaching of non-decimal systems with emphasis on
base and place-value be followed by teaching the decimal system in a
similar manner?

6. Does the teacher make the leezaing of the topic as meaningful
as possible so students may culminate tais learning with success and
favorable attitudes?

Study of the long-range effects of learning non-decimal numeration,
vith and witbout interim reinforcement would be a desirable research
project. Comparison betveen the teaching of the topic on several nccagions
over a period of years might be made vith a concentrated teaching pericd

in the upper elementary grades. ?
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Development of Test: HNon-Decimal Numeration

Nature of the Questions

Sixty-four Ccnhestions developed by the researcher were similar
to those used on students' worksheets. Coverage of subject matter was
obtained by use of a test planning grid (Teble 117).

These questions were reviewed by teachers who taught that unit.
Suggestions ancd changes were requested on a form developed for the

purpose.

A test of seventy-two questions was constructed based on the
teacher reviev for each grade level (Tables 118 and 119).

Two test-constructor classes were chosen according to the following
criteria:

1. large ranges existed in the intelligence quotient scores and
in the arithmetic achieveaent cscores.

2. The teachers' methods were judged by the researcher to be
fairly typical of the treatment group.

After the test wvas administered to each test-constructor class,
each question was analyzed for difficulty and discrimination.

Difficulty of Items on the Non-Decimsl Test

Questions were selectei for the Non-Decimal Test from a difficulty .
reage of 30% to 70% with preference given to the 50% level. Table 120 i,
lists the difficulty of items on the grade four test; Table 121 lists ;
those developed for grade six. ;’
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TABLE 117

CGrid for Tryout Questions of Non-Decimal

Test Subnitted to Teachers

By By

By’
Grouping Counting Diagram Abacus

By

By

Standard

Table Notation

g:aning of
se Ten 0 y |

Numerals

Meaning of
Base Pive 2 3
Numerals

Corversion _
from Base 0 0
Pive to
Base Ten

Conversion

from Base Ten 2 0
to Base Five

Adition in o
Base Five
Without

Regrouping

e
[

Adaition in

Zase Five ) § ) ¢
with

Regrouping

Subtraction

in Base ‘ive

Without Re- 1 I 3
roupina

ubtiaction 1in
Base Five )
With Re- 1  §

roupin
ailtiplxcation

in Base Five . 0
Without

Regrouping
ﬂigtiplication

in Base Five ) § ]
With Regroupina
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TABLE 118

Grid for Fourth Grade Tryout Test

on Non-Declnal Systems

By

By

Dot

By

By

Standard

Grouping Counting Diagram Abacus Table Notatlon

Meaning of
Base Ten
Numerals

0

2

0

0

0

2

Meaning of
Base Flive
Numerals

Conversion
from Base
Five to
Base Ten

Conversion
from Base
Ten to
Base Five

Addition in

Base Five
Without Re
grouping

Addition in

Base Flve
With Re~
grouping

Subtraction
in Base Flve

Without Re
grouping

- 1

Subtraction
in Base Flve

With BRe-~-
grouping

1

Multiplication
in Base Five 1

Without Re
grouping

Multiplica

tion

in Base Five

With Re-
grouping

1




I

TABLE 119

Grid for Sixth Grade Tryout Test
on Non-Decimal Systems

By By Dot By By Standard
Grouping Counting Dlagram Abacus Table Notation
Meaning of
Base Ten 0 2 0 0 0 2
Numerals .
Meaning of
Base Flve 2 3 2 2 0 1
Numerals
Conversion
from Base 0 0 1 2 2 3
Five to
Base Ten
Conversion
from Base 2 0 1 1 1 2
Ten to Base '
Flve
Addition in
Base Flve 1 1 1 1 1 1
Without Re- '
grouping
Addition in
Base Five 1 1 1 1 1 1
With Re-
grouping
Subtraction
in Base Flve
Without Re- 1 1 1 1 1 1
grouping
Subtraction
in Base Five 1 1 1 1 1 1
With Re-
grouping
Multiplication
in Base Flve
Without Re- 1 0 1 1 1 |
grouping
Multiplication
in Base Flve
With Re- 1 0 1 1 1 i
grouping
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Discrimination of Items on Non-Decimal Test

Because of the small number of students in each test-constructor
class, the upper and lower halves, rather than the upper and lower 27%
vere used to determine the discriminating power of each item.l Cor-
relation between each item and total score was determined according to
the method of Mosier & McQuitty (1940) who suggested that determination
be made of the percent correct in each half of the test subjects ani
subsequent use of an abac designed for the purpose of determining the
correlation r. (Table 122)

Difficulty and 4irscrimination of items as well as content coverage
in relation to the %:8%¢ grid, were considered in the final choice of
test items; a procedure suggested by Cox (1964) (Tables 120 and 121).

1li'rednsri.ck B. Davis, "Item selection techniques," In E.F. Lindquist
(Ed.), Bducational Messurement, Washington, D.C.: American Council on
Education, 1§;I, FE. 5“'! « Davis pointed out that..."the loss of
reliability incurred by esuimating indices from only 5k percent oZ the
sample tested is not sufficient to be of practicel consequence when
the two criterion groups employed include at least 100 examinees apiece

(P0283) o"
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TABLE ;.

Degree of Difficulty and Discriminatlon
of Itens on Fourth Grade Test
Constructor Group - Non-Dec

Item Diff Discr. Item Diff. Discr.
2 087 020 38 046 038
3 o 54 062 39 « 58 o 5k
4 016 U3 Lo 67 «30
5 29 015 b1 092 .00
6 071 074 ""2 . 083 050
7 o75 «30 43 33 «55
8 38 40 Ll .58 .00
9 U6 .80 Ls 50 53

10 .58 «90 46 095 .00

11 o3 1.00 L7 o 5kt 10

12 5 .63 48 092 .00

13 72 75 49 o5l «80

14 e 50 .85 €d e 50 72

15 039 140 51 .58 .28

16 «89 .00 52 33 27

17 .58 « 50 53 92 .00

18 79 70 sl A2 25

19 39 10 55 «38 85

20 « 50 .89 56 092 .00

21 o71 U5 57 67 «55

22 50 e 50 58 «50 72

23 017 95 59 «58 .28

24 .08 .00 60 .67 30

25 .39 .90 61 .21 .60

26 292 10 62 67 e 20

27 50 «85 63 .54 .80

28 A2 90 64 A2 « 50

29 71 095 65 .63 020

30 .59 .50 66 .38 64

31 o Sl « 50 67 « 50 .00

32 e 50 .86 68 . 54 .80

33 .88 .80 69 .67 .83

34 «58 «5C 70 .67 53

35 055 080 71 063 065

36 .ZS .68 72 «58 52

37 42 90
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TABLE

121

Degree of Difficulty and Discrimination
of Items on Sixth Grade Test
Constructor Group -~ lion-Dec

Item Diff, Discr, Iten Diff. Discr.,
2 .66 .00 38 o 5k «93
3 77 «90 39 o 77 «30
4 .38 e 50 &0 77 .61
5 .62 .86 41 .00 .00
é 092 .00 L2 .81 «85
7 092 .00 L3 .65 «85
8 .85 .60 LYy +65 64
9 73 «93 bs .65 «95

10 o 73 «73 L6 092 .10

11 ¢35 .60 L7 .84 020

12 092 e 20 48 .84 »20

13 .88 10 49 73 090

14 .85 .80 50 .65 «90

15 .88 .10 51 77 .60

16 092 15 52 73 092

17 M2 75 53 w77 -390

18 .88 20 54 .65 6l

19 .88 « 20 55 .62 .60

20 .62 «52 56 .88 .15

21 .69 095 57 .88 012

22 .65 U0 58 .78 022

23 . 065 ol"s 59 065 061"

24 .80 .60 60 .78 24

25 oS4 .68 61 77 .63

26 .89 .00 62 .78 022

27 77 70 53 .62 .86

28 .65 .90 64 .68 25

29 .88 020 65 1.00 .00

30 .80 .85 66 73 072

31 .80 020 67 072 022

32 .78 «25 68 73 .90

33 - +92 .10 69 096 .04

34 .62 73 70 .92 12

35 .88 .10 71 U2 -.60

36 «96 .00 72 70 21

37 69 .54 "~
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Py «= Persontuge of Upper FifSy Por Coent Passing the Item

wb

TABLE 122

MOSIER-MCQUITTY ABACS FOR ITEM DISCRIMINATION

R -- Percentage of Lower Fifty Per Ceat Passing the ltea

80 3 60 95

o tr o
@ O O

& 8

38 &

-
s 3

530 35 2035 30 35 40 45 50 35 G €570 75

— =

g

N
NN

l

AL
Z

A

T T

B8 zﬁ::j';u;‘% z
L] | 4/ 2
jrd 4

27

1

|

-~

Abacs for Item-Test Correlation from Percentage of
Upper and Lower Zifty Per Cent Passing the Item
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The test as constructed resulted in large ranges of scores on
both administrations. Kuder-Richardsor , reliability is shown in
Table 123. -

TABLE 123

Kuder-Richardson 20 Reliability Non-Decimal Test r,.

Grade Class Posttest 1 Posttest 11
b 1 «908 8l0
b 2 U2 896
6 1 0937 865
6

2 .882 .881

Kelly (1927) required a minimum reliability of .90 to evaluate
differences in level of group accomplishment in two or more performances
and .94 to evaluate level of individual accomplistment. The relisbilities
in Teble are near Kelly's requirement and resulted from careful attention
to test construction requirements on the part of the researcher. (See
Epstein, 1968 on this aspect of test comstruction).

gggggization of Test

Posttest I. The Non-Decimal MNumeration Test was organized as &
multiple-choice test with four choices given for each item. An attempt
was made to eliminate or reword those choices or distractors which were
selected by no one in the trial of the test (Ebel, 1951).

Posttest II. The same forty questions in different order consti-
tuted the Hon-Decimal Numeration Test administered during Posttest II.
In both administrations of the test, teachers were instructed to permit
everyone to complete the test, Average time for completion was one hour.

JKelley, T.L. Interpretation of educational measurenents. Yonkers,
N.Y.: World Book, 1927., a8 quoted by Thorndike, R.L. 'Reliability,"
in E.F. Lindquist (Ed.) Educational messurement. Washington, D.C.:
American Council on Education, 1951. Fp. 560-620.
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Directions for Administration of Test
on Non-Decimal Numeration

This is not a pover test to show the efficiency of your teaching
or the ability of your class as a whole.

This is a separator test to distinguish the strong learner of
this subject from the others.

Have the children write their names in three places:
1. Ansver card front
2. Answver card back
3. Upper right-hand corner of Direction Page

READ DIRECTIONS ALOUD WITH STUDENTS

This is not @ speed test. Allow sufficient time for all to
complete (within reasonable limits). To keep movement in the room during
the test period down to a minimum allow children who have campleted
before the papers are picked up to read some other materials at their
seats, but not to move sbout.

Children may write on question pages and do not need scratch paper.

Supervige carefully to see that each child is doing his own work--
and is really working on these questions, not merely filling in a pretty
design on the answer sheet.

If children ask questions about the numerals or the words, you
may read these to them at their seats individually. Do not answer
concept-type questions. If a child should ask such a questic.. x11 him
to use his best judgment or to choose the best answer from the group
(in his opinion).
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APLANDIX C
NON-DECIMAL TEST -~ GRADE FOUR
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NON DECIMAL TEST GRADE FOUR

T - D e G - T w T W @ G i

Read directions carefully.

Thls 1e a multiple cholice test.

For each question, only CNE ansver 1is correct.

Read each gyuestion carefully. Do your figuring on the
question sheet. Thel select the right answer from the
choices given.

Find the number of the questicn
on the answer card,

Clrcle the letter which goes with
the answer you have chnosen.,

! SAMPIE
1. How much 1s zflve'+' 2f1ve7
8.  3rive
b. 4flve
Co llflve
d. 12¢5ye )

The correct answ -~ 1s b. Look on your answer card to
see the circle around b.

1. a (:) c d

When told to do so, begin to work each question, marking
Your answer sheet as you go along. Take your time, work
carefully, and try not to make wild gucsses.

Some easy questlons ccme after some hard questions,

Do not leave your seat. If you have any questions, railse
your hand and the teacher will come to yeur seat.

When you fin!sh each page, go on to the next.
DO NOT TUR:! BACK.

When you reach the end cof the test, turn the test booklet
over on your desk., Ccver the auswer shcet and sit quietly.
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3)

4)

How_many more apples should be puy

into the box to make 2 4;,,,5 .?

8. _3FIVE D) @ @

b, l" Fivk

10 gwve @ @ @
8 1l ge @ @

Which base flve nuaber 18 | more than ‘f“fﬂ“ ?

C.

a. 4S.,.
b. S*Flvg
€. 100 ¢we
do ' Oq’ PIV‘

Which of the folloving 1s the correct choice

fer the missing number in 34682 = 2000 + Loao+ _‘f' 2

s. &

b. 6§

c. &0

a. 82
Which base tén_ (dccimal) nuneral has the same
vaiue as [0, e ?

. 26

b. 30

c. 39

a. Ss
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6) Which btzsc five numeral is correct for

the nurber of arrova ‘n the plcture?

i a. 1Sc.¢ N B B ,
b. 2S¢ —_2 —> - > > |
c. IO¢ue —_ D D — - |
a. 3Slewe — 2 2 D
g —
= | _'to FIVE
a. ’4 FWE

Y. 24gyz

c. |14 FIVE

d. 2 '4)‘102

—

8) 1f )O¢, : More apples were put in the box,

-~

how many would be inside?

M s L T —

= a. Uhee @), (‘7 ) C’) (’)
b. FSene C\) (") C’) (“) C/j

s ST 1OOO OO
a. [100;,.¢ C) O C’) C> O

M8 e ammm e GRS 6 e R | o t— W ¢ ¢ B me b
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9) l 13.‘,5’&

+__'.Z ‘f I FIVE
a. 364F|V£
b. ‘ot ¢\oe
C. lf""Fqu
! d. 424 ve

10) If three eggs are removed frcm the group of eggs

in the box, how meny are left?

v e leeeee o
Ce 206w @ @ P@ @ @

A 2.

11) Which base five numeral 1s coricct for the

nunbver of dots shown in the dlagram?

; a. qFQVﬁ . e
S~ 14 ee .
‘ C. lHr-mz
® ¢
.d. qu've
P 'y
o

[
o




A A At ek

T T T e T TR T AT R TR e T T Ry T

—_—— k.

12) Whet 1s tvice as wuch ss the number

shovn on the abacus?

8. 2 "rwe

b. 221 FivE i !

Ce . 2 2 " f..;

Y

BASE Five AGAcus
13) 1If L  amore apples vwere put in the box, how

.. “I’ZZF.VC

many would there be?

e. 'oofwt.

cfocaam
W @ @ D

b. 20 FvE

C. . 24 Five

ol

14) Use the table to Tird the difference

betveen n Ffiveé and 3 FIy€ ~

rd

+ 2 3 t 10 11 a2
8. ‘I'r.ve o) 2 3 ‘t}. TR l?.
b. ” FivE I 3 l". 10 [ 1 12 l{3
. . r“"
C. '{F",& 2 5 10 /! 12 ]3.,“&‘
- \
311011 2|13
d. 20, ve Ak 14. 2:0
1 1112} 13] 141 20| 2

BASE FIE APITION
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16) How many more dots ere needed to make 1% ¢

a. 2‘“" . o . 0 o.
P
S
0t 104 Coee

16) Bow much more mus% be added to tha nuster on the

top abacus to get the nuoter on the lower esbacus?

8. 33;‘..; (L 6
Re!

- 18 33.ﬂd£

Ce

IOO‘.“c . BAsE Fiva ABACUS
a. 122 g

O !

. 17) What base five rumeral 13 equal to the BASE 03 NEACUS

asount shown on the tase ten abacus?

8. 28‘!00(

B. 33 (41 3

c. 43 ¢ie | é

a. 103 ¢wne

BANE TEm AArcuS
18) Vhat baze_ten (decinal) numeral is equal to %3 .,.,7

&, 19
5. 23
* 34

& 43
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19) The box of apples 1s is be grouped for
writing a base five numeral. Which

pumeral will 1t be?

8. 'SFNC

Ve viwlelslelolylulele
LT 19000990000
Y Cons O OOO0OO0Y

d. ' ' o f'.\l‘

20} How many arrowheeds are therc in both zroups?

8. ' q’FwE
b. . .20;,.,6
. éqFlvz @ @
4. | l 4‘5105 @

21) The plcture shows a grouping of dots for the base flve
numeral 4%, . . ‘hat bass ten (decimal) nuzeral would

be used for the sazde number of dots?

a. 4 C o
bo q’ 2. ( o ) ° D
G ® o o [
Co *‘* — D
G Ps . ° D
Ce s*- . . - "
22) | The next base f‘lve nuaeral at;er,: _“l,n" ;S
8. 1Ofwve \
b, ' S.fwi
S 20¢ve
a. 2% sve
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- 23)

24)

25)

26)

8. ‘.3€|vt
b. 3‘ [ J2°7

c. 33Fwt

a. '-fo, e

How many more dots are there in

the top loop than in the bottom

& 4Fw¢
ﬁo 2 o“"
Ce L2eve
d. 2 3 LA/ &

loop?

 How many are therc in the three groups?

Which base five numeral tells how a2ny apoles are shown

in the box?
8. 13¢ene
be Z23,.c

"G D2 e

@ 330

oy

D D o
@D @ @

1
.
|

- Putting tolsther the axmounts shown in the

two plctures, how much is there in all?

a. 3‘3Fw¢
b. 32" Five
C  33).c

de 336&»\!‘-

é

?

J

¢

& ‘%L @

Base gie7 N JACUS
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27) Group the arrcws dhown 1n 3he plciure to Tte able

to write the bace five numeral for it. The rnuneral 1s

-

a. 18,

T DR D D DD -DDHD
b’ 23'.,‘
¢ 2%ine > D> > o>
d.' ;33ﬂv¢ _ -

28) The abacus showg a beec five nucersl. ‘Which bate ten

numeral has the sane value e2e the rnunber shswn?

a. 13

De :{;3 -
Ce 53 . | |
do 2 03
'3’\5: cive agﬂ(“s
29) If 10O groups each contaln I, . circles, how
Five .
meny ere there all tsgether? ——
. @& 2009
8. 'O' Five ) @ @ @ @ @ @
b. / o*‘wl — _
Z (//) 7 ’;;‘ {{‘ @
C. l1o0 Fivd C@ had @ (.’“ 3 -)
( 7 77 f‘i
a. | “f EwWi @ @ % @ @ 0

@ o¢ v o9

30) VWhich base ten rumber 1ls equal t> tho bose five number

shown .1 the plciure?

a. 7

. 1 Z
c. 35
a. 120 B

BALE Fivs Agacu$

181

©

ERIC

Aruitoxt provided by Eic:




[ . TP

31) How many arrowheads were used up, 1f the lower loop ahows

‘'what was left?

-

e 3ewe START

Be Seue

S. . 1O eive

4. llene | FiNISH

32) _What 1e the readainder If the azount on the lover abacas

is subtiracted from the anount an the top abacus?

.. :um- | Lé J)
a.- 20’;“. | .|é Cé? '

33) l-!ary'é fishtank hod "4, gupplea in it lest September,

]_ Oasg ¢l manwus

Sate S v Agacus

Nzw thore are 201,,, gupples. At lerst how many zupples
were added to the tank elnce last Septeuber?

8 U2,

Be 1024,
6. 157qve
a. 2%3 4.

34) The numeral 3o0l,,. hee the s2ne valuc ae

which base tecn (decizal) nunber?

8e - 1 &
% 3]
'E - % 76
a. 3oj

1§2
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BS) Choosc the corrzct nunber of arrowhcrde in the two
groups shown,
8. "f've

bo I 2. Fwe

c" 7’ FIVE

d- 22 Fwe

36) How many equares should bec edded to the group ehown

8. q’ Fwge

bo 'oful',

Ce. I FivE

4. I3 Fivg

37) ozt 1s the aum of let, 3eive , end (4 ,...¢ ¢
a. ' “ FiveE

b. [ 21

Five

Ce ‘ 25FOV£

a. | ' 3'#1#{

| VYhat nunber added to “"f,-.,v,; makes QUM e ?
3%) 8. 30,.¢

b. 40rve

e 130,

- R B ¥
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39) John hae Adrve baseball 4ickets. If Billy gives him

21 gwe Dore, how many does he have then?

ao. . 22 FIWVE

b 22
Ce T 3em
a, 43

40) Starting with the base five sbacus shown, how many

beads must be aldded to show the nuaber 3 42;..,?
8. Iﬂ‘
b 2., ,5
8 [Ocfive _J
.- ‘g
d. Jorwz Basc five AGhCuSﬁ §

41) Vhat 1s the sum of the two zroups of dots shown?

a,. 3% g
" T SSH R
e 12 ]¢me b o> o0
& 21 lewe SR

42) e number 3lrive 18 equal to which base ten numeral?

[6

b, 3l
c. bl
d.

iol
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APPENDIX D
NON-DECIMAL TEST - GRADZ SIX
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NON-DECIMAL TEST GRALE SIX

Read directizns cerefully.

Tale 18 a multinle cholce test.

—_— — e e

For each question, only Q'Y ansvwer 1s :orrect.

'Read €eack questlon carefully., Do your figuring or the

questlion sheet. 7Then select the right ensvwer from the
choices given.

Find thc numter of the yteestion
on the ansvwer card,

Clrcle the letter whizh gocs vith
the answer you have chosen.

SAMPLE
1. How much is 2five + 2f1ve?
8.  3Srive
b. 4five
. . 1llpyye

The corrcet answer 1s b. Lo ¥ on your ansver card to
see the circle around b.

l. a (:) c d

When told to do so, begin to work each questisn, marking
your answer shect as you go along. Take your time, work
carefully, and try not to make wild guescses,

Some easy questions come after some hard questions.

Do not leave your eeat, If you have &ny questlons, ralse
your hand end the teacher will cone to your scat.

.When you finlsh cach page, go or to the next.
- DO NOT TURY EACK.

Wher. you rcach the end of the test, turn the test booklet
over on your desk. Cover the snsuer shcet and sit quietly
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2) Which numbers should t: used to complete
the table shcim below? |

a. 7 aad 15,

Five

Hone

70p,04

/ , Pevk
! 2,y,.¢

, 3/ ol

/ ’Int

e ——

A

b. 7;‘“( quJ ,fF‘UE

7'-:;{ Gnd 7‘°Fwe

S| |8|n]ape

d. 7 &ud 20 FivE

3) Double the number shown on the abacus.

Your answer 1is

e 2 , ."'"‘_ é é
D
% 2¢ @
Beme & ¢
Ce 3 2.3 Fowlk J

8ALE EeweE AcALYS

do 3 *B'OUL

8 303,.,; X 2lpue =
| ae. %22,

. 2L66, .

ce 231} e

a. 23 y X P

.5) If 10,., mDore apples were put into the boz,

how many would be inside?

‘.0 2 ‘ (A1 1A

% 3 fewe " '
LI ‘."“D' W b @l@ w
& B b G O

‘o. ‘ oofl\lﬁ.

187




6) Ir 3 rgzs wers renoved from the group of

eggs in the box, how many would be left?

[: 9 qF.v‘
b, _ ! EL‘.“" \3 Z c E
¢ 2l eone @ = (;;::4 g—;-‘
¢ 2 =) \7 \?
| . 22rme '
7) What base five numeral is equal ts the amount

shown on the base ten abtacus?

R, ‘ 2 9"9‘
| -18 4 3ch£

Ce 6‘3flv&
d. , (o 3FIU£ i

0'-‘5( TE€~ aaACY -
8) Use the table to find the dlffcrzncs batween e

12eve and 3¢ T ‘or & ’11
cl 21314110} Iﬂ /12
&, q’ﬁw‘
2 V3% ]|10]lmliz)sz
b . ! 3rve 21 ¢ lrol 17]12) 13} 74
co VY ee Jtlrols|r2) 13 1#] 20
d. 20z.e G172V 7131 74 20] 2/
9 Eot-x many more daots ars nceded to maic '||:ij:‘f';5"”""“”
8. ZFWE . . o e .
B, ’ o‘“,e . o ° - e
) L) e P . PO
C. ( ZFN& . . ° . [ a
do 2’:,ng‘ ¢ . o . e
. . ® I .
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10) Which base ten (decimal) numeral is equal to (00g,d

8¢ 2 0
| . 25
c. 100
a. Soo0
11) F111 in thc micsing number in the table shoun below.
8. 22%6,e ' x o0 t10] 102
: 29000]) 20 2
be 232100 20 44 2o o040
{2100 | 212
ce 235kue 2 Fl2i%z
1 7227 !
4, 24000 2 .22 00 227222244
pazz sive "23 2300 | 2323
- ame —— - .m “’ Sdic €.~ ng—!la-—--.'. - ——
12) Bow many dots are therc in l-l-ﬂv‘ groups ' -
each containing ‘ Y . c dots?
a. q""'mu -
b. ‘4"v£ o [ ® L) ] - - e -'
-. ' 9 [§ ] [ L 3 ® [ ] L J [ ]
c. /1 b6 ¢ o o o & s s o
a0 12000
13) What 1s |12 five clmes the aumter showm -

on the abacus?

a. | 30fve 4

b. | & e 4
476 e I o &

Ce 2 Oi A FIvE J @

d. 77__40.3_\_;:.9:‘_____ ) _- N . Bﬂot :wr: .\satvs
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rRTws e

'14) Uhich tose tcn (decimal) nuscral has the same value

as [ l0gve 2

a. 26
p, 30

. 55
a. 135

15) The picturc shows a grouping of dc%s for the
basc fiv.e nurcral "+ Lh:we « Yhat basc ten (dceimal)
nuncral would bc uscd for the sarme numbecr of dots?
a. | 4 < R
b 24 G
o 4yt '
a. ST -

\

16)1 O e e + (42 FiwWE

a. 242

FivE

b 246G,

Ce 3OIFNE

d. 3 I‘ FIVE
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17) How many more dots are there in the top loop

than in the bottom loop?

AT
8. q’rwa S :‘
b. 20rue . ;J
c. 2 3¢0e
d. 33

18) The number 3lewve is equal to which basec ten nuseral?

a. 16
. 21
co 3

d. 6l

19) Putting togethzr the amounts shown in the

two pictures, how much is there in a’"?

8e 3'3FW§ | ML é
v 3ae e | ¢

FivE

Be 33' e SASE FIVE AR ACuS

i
. e i %

BASE F.wE AGACUS
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20) How docs the number of digits in a base five numeral

~comparc with thc number in the caual basc ten numeral?

a. Sopetimes, therc arc more in the base five numeral.

b

Always, there are more in the basc five numeral.

c. Somctimes, there are more in the base ten numeral

d. Always, thcrc arc more in the basc ten numeral,

21) The abacus shows a bzsc five numeral. Yhich

Basc_ten numeral has the same value as the

number shown?

a. '7.2.

- b 52
EASE FPIvE ABacus
. 252

22)%Which is the tess toen (deeimal) numeral for the

number of dots in the diagram?

14

B 24
Ce Y ¢
a, 104

©
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23) 1r 'one’ sroups cach contain ”Fwﬁ circles,
how many arc therc all tegether?

2. t"nge

Pooeood

no [Olewe (22 200D
Cs ”Opwe @@@@@

B @00 00
d “4Fw¢.

(00 @800

24)vhich base ten nuamber is egual to the base five

nunber shown in the plicture?

& 7
v |2
ce 35
d. \20

BDASE ewi agacug

25)Use the tatle shown to filgure out 22 — 3=

X 4 0 12 3 14 20 21 22

2. ,Z.Favé
| 2| 13120 22( 24 31|33 | 4o 424y

&

b. FWvE
3|22 30334/ |&¢lozinaln3 iz

Co l"“l FIVE

4131|no gt jo3 211213130} ¢ ' !
| 2 leve 3% 1

d.

BASE FWE  muLTIPLICAT iL ]
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26) What base ten {decinal) nuueral is equal tb ll"gr—'wé

: ¥ ' 8
b, 23
e. 28
a 43
27) How many cots are in the two loops shoim belows

8, . '3 F-'VE
b,- ‘4 sivE

Ce 2 3FWE

4. 2 /‘fm&

28)" Which nuober is | O more than { ‘70 2

a. | QO
. 200
Ce 290
a. |1 910
29) How muny arrovhzads ware ussd up, if the lower

loop shows what twas ieft? / T T
8. 3 FIVE ( ,‘u 1‘ 1‘

b. s-g,ua STR R‘r
c. 1 0 gve
a. ' eve
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50) How many dots arc in a Plcturc showing 3.:..,; Trows

each containing “ng dots?

a. ' 3_Fw.’;
b, 3, FvE

. 33 Fuve

d. |03 FwWwE

31) Bach tox chown below contalns ‘35,‘,@. pleces of candy.

How many picccs of cardy arc in all the boxes shown

below?
a¢ B ‘
b, | ¢ '+ FE '

e | (?qfwa ‘
d. ?'7'"?1\15 B
32) Yhich of the followingz 1is thc corrcet choicc of the

missing nucber in ’3632_:. 30GC0 +600+ ____ + 2

a. g

b. &0
c. 8%
d. §00

195
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33) The nuzeral f{ (o] | five has the san2 value a-s; which base ten

(decimal) numeral?

2. |6
b. 3/
eco 76
4. 30/ -
34) How many squarcs snould be added to the

group shown to zake 22,y 7 ' - |

8. |O¢ive

B, I "FW&

Ce '7- Five

. d. . '3f)V5'

35)¥hat is the sun cf Z2lgye, 3lgye, and 1HrAve ¢
a. {1 2leve

b. l 22—F|VE
e '3 J Five
4. R APy

36) Choose the correct nucter of arrovhands

in the two grcups shovwn,

8. " Eive
b, I3 sve
Ce 2' FvE
4. zs(wé

196 -
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37) Fill in the missirg nuabsrss
2013 p NE: 200 vt ———pee ¥—— e

a., 10 and 3

b. Joo awd 30

cs (OO and 3

d. leoo and 3

38) Exprcess the number {1 as 2 base five numerals

Q. \ ‘ FIVE

bo 3‘ F‘VE.
c. 21 FiVE

d. SSS'FPJE
39) 3 ' 2?‘v£ ".’ 2 ”FN& - ’ 2‘ ‘FiVF. =

a. 3 g2 FIVE

b. H-0 2 cyve
c. {OL‘L[{" FIVE

[ T A
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o) t O is equal to which kase five nuieral?

Q. 5

De SFIVE. \

41): What is the product of 3000,y and 2O0gye
28314, |
b. 30721 FIVE
Coe | ‘,O 02 Fwve

d' I'D’O.ZOF’Ve

42) How meny beads would be n=eded to show the sum of

3]‘1,;,,5 and 132 FIVE on a basc five abacus?

e LFFIVi r

b. \ 2 eive

Coe 2 2 FIVE

a. 4 4 ¢ FIVE BASE Five ASACUS
198




¥ ——

©

ERIC

Aruitoxt provided by Eic:

APPENDIX E
DESCRIPTION OF IDENTIIICATION DATA USED IN STUDY

199




hahia iy

Description of 37 V

ariables Recorded on ILi: Data Cords

B B ot o cnlire &

Variable

Description

Colunn humber

Class Affiliatlon

Sex

Me tho1l

Grade Level

School

Teacher Experience

Race

Socio-Economic Background
Age 1in months

Former IQ scores

Reading Level-Teacher Estimate

4,5

Arithmetic Level-Teacher Estlmate 25

Visual Pre-Test Score
Auditory Pre-Test Score
Motor Coordination Score
CTMlM Pretest
CTiill Posttest 11
STAN-Test 1, Form X Pretest
Computation
STAN-Test 2, Form X Pretest
Arithmetic Reasoning
SPAN-Test 1, Form W Posttest 1
STAN-Test 2, Form W Posttest 1
STAN=-Test 1, Form X Posttest Il
STAN-Test 2, Form X Fosttest Il
Non-Decimal Test Posttest 1
Non-Decimal Test Posttest 11
Geometry Test Posttest I
Place Value Subtest-STAN
Form X Pretect Score to 8
Place Value Subtes...-STAN

35,36
38,39

4o,41

42,43
by, 45
46,47
48,49
50,51
52,53
54,55

Form W Psttest I Score to 8

Place Value Subtest-STAN

Form X Psttest II Score to 8

V20-V1C
V21-Vi9
v22-V18
V23-vi9
V25-v24
v28-v27
v29-v28
V29-V27
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Sienificance of the Correlation

The relative ease and speed of electronlc computer
have rmade posuible the calculation of large nunbers of inter-
correlations for variables in statistical experiments, UFgot
all correlaticn coefficlents are sufficiently different from

zero to doubt tile independence of a pair of variables under

nonsiderdtisn.
’ Critical points for the acceptance regions of
the correlation coefficlent based on the assumptibn of

blvarlate normality were computed by using the values of

the.t-dlstrlbutlon (Dixon-Massey, 11957).1

Table 3124 shows a table adapted for use with
the gooup frequencies in this experinent,

TABRLE 124

99% Critical Values for the Correlation Coe. _.cient r.z
when _© = 0 and n-number of pairs

- n r n r n r n r
20 L.561 .30 463 st 346 107 .245
21 549 31 455 61 .327 128 ,222
22 .53 32 W49 66 316 . 136 216
2 0526 33 440 70  .307 201 .180
2 0515 3% 433 71 - .305 208 .175
;2 +505 35 422 93 .266 222 a7
196 b1 397 o ,263 229 .170
27 489 42 .393 96 .261 327 .140
s 376 101 .25k 357 .134
48 .360
28 479 52 .35

1 On a two-talled test where level of significance o£=,01

zAdapted from Table A-30a, Dixon and Massey, 1957, p.46é8.,
. and Table 13 Pearson and Eartley, 1962, p.138; with missing
values computed from percentiles of t by the relation
R R VAV Y- ey
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Kolmogorov-Smirnov_Two-Sample Test

The Kélnogorov-Snirnov Two-Sample Test is a test of whether two
independent samples have been drawn from the same sample population or
from populations having similar distributions (Siegel, 1956, p. 127).

For the case of large samples as in this instance n; and n, may
be unequal.

For a one-tailed test, D = max S, (X) - S, (X) 1is used in
the following formula based on the Chi Sduare relafion:

x2 - 4D2 niny
nl +n

2

This has a sampling distribution approximated by the Chi Square
distribution with two degrees of freedom.

The symbols used above are:

S“l (X) = the observed cumulative step function of the first sample
Sn2 (X) = the observed cumulative step function of the second sample
D r the signed maximum difference of any step.
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IABLE.125

Percentage Points of Ratlo (szmax/szmin) for k=4
Hartley-iaxlimum r Test

Degrees of Upper 54 Upper 1%
Freedon Point Point
0 2.61 J.b ;
2 2.24 2.8 |
43 2.21 2.7
4s 2.18 2.7
47 2.14 2.6
48 2.12 2.6
52 2.06 2.5
gz 2.05 2.4
2.03 2.4
60 1.96 2.3 -
66 1.87 2.2
70 1.82 2.1
InC. 1.00 1.0
TAEBLE 126

Hartley Max-F Test ‘oo Difference Scores and Place Value
Subtest Scores of Arithmatic Achlevement Tests

Var. Var. Zm
T1tl Max M1 nyn, 3 _max
° N smin
%}ace Value Subtest
rade F
Pretest. 1.5785  1.2631 33,48  1.562
Posttest I 1.9651 1.6953 43,42 1.343
Posttest II . 1.6464 1.3525 52,48  1.144
Difference Scores
STAN Test 1 .
Posi cest I-Pretest J-6121 J.8216 43,52 1.720
Psttest II-Fsttest 123950 4.1807 43,48  1.665
STAN Test Il :
Posttest 1-Pretast U4.5400 3.3608 43,52 1.817
Psttest II-Psttest 13.9750
Place Value Subtest _
Grade Six
Pretest 17752 1.5738 54,45 1.271
Posttest I 2.2679 1.8601 45,53  1.487
Posttest II 2.1245 1.6717 47,53 1.615
Difference Scores
STAN Test 1 '
Posttest I-Pretest 876 3.923 47,54 1.545
Psttest II-Psttest [*-490 3.1048 47,53 2,092+
STAN Tes® IX
Pattest I-Fretest = 2°+J153 3.8881 47,546  2.0:2
Psttest II-Psttest 150158 2.7463 47,53  3.236%xs
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Scheffe Test for Comparisons Between Means

K

- Possible Comparisons Between Treatment Means
l

;

2 1 e 2

- -— — — s -—

X, X, x3 X, 8 dy di
{1)vs(2) 1 -1 o0 O 2 il-iz
(1)ve(3) 1 0 -1 o 2 XX

E (1)vs{4) 1 0 0 -1 2 X)X,

|

[ L (2)vs(3) o 1 -1 o0 2 X, X,

| 3 (2)ve 4) o0 1 o0 -1 2 iz'ia

|

|

E - -— .—

;

E

Qvs(QHGHG) -1 3 -1 -1 12 Xp-(X+XyHK,)
~ —3

(1)vs(3)+(4) 2 0 -1 -1 6  X-(X3¥X,)
2

: 1 7
l 844 = s? (‘11 +"212 +...4 "kiz) where 52 1s the error mean
L ‘o M Bk /

square of the analysis of variance. This may be replaced by
B §7 Zail , when group numbers are equal (Edwards, 1962, p. 142).

844 = "
f -

2
t= c_ll

~ 841

r——-ml

11}
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Scheffe Test - t! Values1

t* =V(k-1) F by definition

k = 4 , in this experiment

F = tabled values which 1n.£he case of unecqual groups
has (k-1) 4df in the numerator and

k
2 (ng-1) dar
i=1
in the denominator.
o« o In this experiment for the fourth grade means, we
used F (3,182) and for the sixth grade means, we

used F (3,195), These are most clesely approximated
by tabled values for F (3, 200).

values of F (3,200) o

Percentage F t'=
Point (3,200) A/ (k-1)F lt 1> ¢
.75 1.38 2.27 #
«90 2,11 2.52 *
.95 2.65 2.82 =%
.99 3.88 3.41 bl

1Allen L. Edwards. Statistical Methods. New York:
Holt, Rinehart Winston, 1967, Pp. 266,

2

B.J. Winer. Statistical Principles in Ex erimental
Design. New Yorks fcGraw Hill, 1962, P. TR
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According to Winer (1962) in his comparison of the Scheffe, Tukey,
Newman-Keuls and Duncan methods, he stated:

The Scheffe method is clearly the most conservative
with respect to Type 1 error; This method will lead
to the smallest number of significant differences.
In making tests on differences between all possible
pairs of means it will yield too few significant
results. (p. 89)

It should be pointed out that the test is so constructed that the
probability that all statements concerning the significance are true
is equal to or greater than 1 - of . Thus if o = .05, the probability
that all statements made will be correct is Z .95. (Edwards, 1962,
p. 155)

As a consequence, larger differences will be required for signifi-
cance. Scheffe suggested with his test one migh' ~onsider taking
o« = .10 ratker than o<¢ = .05 (Edwards, p. 154;.

As a further guarantee against stating that means ere significantly
different when in fact they are not, the n of these unequal groups was
here assumed to be the smallest n;, that which produces the fewest signi-
ficant t's.

In view of the conservative nature of the test, the .25 level of
confidence as well as the .10, .05, .0l were indicated by the symbols
shown. For the .25 level of confidence, the probability of the hypothesis
being correctly accepted is at least 75%.
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GRADZ FOUR

17 Which is eight thousand sixteen?

2 80,016 ¢ 8016 a8 b ¢ d
b 8,16 d 800,016 1720000

16 Which is eight thousand ninety-two?

e 892 g 8092 e f g h
¢ 8C0,092 h 8202 ISOOOO
GRADE SIX

7 In which of the following has the 4 the greatest value?

a 48.36 ¢ 3457 a b ¢ d
b 432 d 82.47 70000

12 In which of the following has the 6 the greatest value?

e 64 . @ 6432 e f g b
¢ 3.46 h S6 120000
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